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PREFACE. 

I HAVE to acknowledge most gratefully the assist- 
ance rendered me in the preparation of this book by 
Mr. T. H. Gascoigne, son of the Rev. T. Gascoigne, of 
Spondon House School, Derby. For the solutions of a 
few of the Problems I am indebted to Mr. Gaskin's 
Trigonometrical Examples^ and to Mr. Hymers' Trigo- 
nometry, I shall be glad to receive corrections of 
errors that may be discovered in my work. 



Cambridge, October 1876. 
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ELEMENTARY TRIGONOMETRY, 



KEY. 



Examples — I. (pp. i, 2). 

(1) 4 feet 6 inches =54 inches ; .*. number is 54. 

(2) 15 feet 2 inches =182 inches ; .-. number is 182 -^ 7, or, 26. 

(3) Unit of square measurement is (192 -M 2) square inches, or, 16 
square inches ; .*. unit of linear measurement is VI6 inches, or, 4 
inches. 

(4) Unit of square measurement is (1000-7-40) square inches, or, 

25 square inches; .*. unit of linear measurement is V25^ inches, or, 5 
inches. 

(5) Unit of cubic measurement is (216 -f- 8) cubic inches, or, 27 

cubic inches ; .*. unit of linear measurement is V27^ inches, or, 3 
inches. 

(6) Unit of cubic measurement is (2000 -M 6) cubic inches, or, 125 

cubic inches; .*. unit of linear measurement is >/l25 inches, or, 5 
inches. 

(7) Measure of 1 yard is — ; 

1 

.*. measure of 1 foot is r- ; 

3a 

.*. measure of b feet is ^r- 

3a 



H 
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(8) Length of line is (5X6) inches, or, 30 inches ; .*. second unit is 

(30 -r- 4) inches, or, *1\ inches. 

(9) Length of line is 1 yard, or, 36 inches ; 

.'. second unit is (36^36) inches, or, 1 inch ; 
and third unit is (36^12) inches, or, 3 inches. 

(10) The ratio is 3i : 3J x 36, or, Z\ : 126, or, 13 ; 126 x 4, or, 13 : 504. 

(11) The measure of 1 yard is — ; 

.*. the measure of 1 foot is ^r— ; 
.*. the measure of n feet is ^ — 



Examples — ^IL (p. 3). 

(1) Length of other side =V(51)2-. (24)2 yards » V2601 - 676 yards 

=^2025 yards = 45 yards. 

(2) Length of hypothenuse=^/8* + 62 feet =^64 + 36 feet =Vl00feet 

» 10 feet 

(3) Diagonal «V{(225)2 + (120)2} yards =V65026yards =255 yards. 

(4) Diagonal - ^{(300)2+ (200)^ yards = V130000 yards 

=» 360*5 . . . yards. 

21 X 4840 

(5) Length = ^ ^ yards = (2*5 x 55) yards =137-5 yards ; 

diagonal = ^/{(137-5)» + (88)2} y^rds =^/26650-25 yards^ 163-25 
yards, nearly. 

(6) Let a; + 2(, x, x— t/ be the length of the sides in feet. 

Then (x + y)2={c2 + (3. _ y)2^ 

or, a:2 + 2fl5y + ^=x2 + sc2_2a5y + y2, 
or, 4{»ya=a52^ and .*. X3=4y. 
Hence a; + y=5y, 

and 5^s=20 feet, and .*. ^=4 feet. 
Hence the other sides are 16 feet and 12 feet. 
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(7) Proceeding as in Example (6), we get 

a + y=5y; a;=4y; aj-y=3y. 
Hence the sides are as % : 4^ : 5^, that is, as 3 : 4 : 5. 

(8) Let ^5=36 feet, and Dir=27 feet ; 

QAyCB being the two positions of the ladder. 
Then since AQE is a right angle, l ACB, JECD, are together 

equal to a right angle. 




Fig. 1. 

But i}ACBy CAB are together equal to a right angle, 

and .-. z j&CD= i GAB. 

Hence in A s ABC, CDE. 

right z ^iJC=right i CDE, and i CAB^ l ECD, and AC=CE ; 

.', BC^ED, and AB-^CD ; (Euclid, L xxvj.) 
/. width of street =(27 + 36) feet =63 feet, 

and length of kdder =V(27)2 + (36)2 feet =\f2025"feet =45 feet 

(9) Let a; = length of each of the equal sides in feet. 

Then x^ + x^==-{l2)^, or, 2a^=144, or, a:2=72, or, x=6 ^2^ 

_ « 

(10) Diagonal =V25 + 25 inches =V50 inches =5n/2 inches. 

(11) Each side of square =V390625 feet =625 feet ; 

.-. diagonal =V{(625)« + (625)2} feet =V{2 . (625) 2} feet =625 V2 . feet. 

(12) AD bisects BC. A 

.-. AB=%BD. 
Let a; = measure of length of AD. 

Then a2= (13)2 -(y)* 

= (13)2{l-J}=(13)«.f. 
13 V3 



.-. «= 



2 
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(13) Taking the diagram in Example 12, let measure of AB be x. 
Thena:2='^ + (15)2. 

.-. 30:2=4 X (16)2, or, a;2^4x (15)^^ 4 x (15)^x3 , 

....=2x^=10V3. 

(14) OBy a perpendicular from the centre on the 
chord AB^ bisects AB, 

Let 05= measure of 0T> in inches. 
Then<B2=(0^)2-(^I>)2 

= (37)2- (35)2=144; 
/. distance =\/l44 inches =12 inches. 

(15) Taking the diagram of Example (14). 
Let measure of AD in inches be x. 

Then 0^= (181)2- (180)2=361 ; 

.-. x= 19, and .*. j1B=(2 x 19) inches=38 inches. 

(16) Taking the diagram of Example (14). 

Let measure of J. in feet be x. 

Then a^ = (308)2 + (75)2= 100489 ; 

.-. 05=317, and .-. diameter=(2 x 317) feet=634 feet 

(17) (^C)2+(£C)2=(^B)2. 
.-. 2(^C;2=(^B)2; 




Fio. 3. 




■ • {AB) 



2~*2 > 



AQ_\_ 
"AB V2' 

(18) Let X be the measure of JSG, 

Then 2x is the measure of JSD ; 
and measure of DQ=fJ{4x^ - a;2) = V3 . a ; 
.-. EG:JSD:DG=x : 2a; : V3 . sc 

= 1;2:V3. 
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EXA3fPLBS — III. (p. 9). 

(1) Circumference = — = — feet =-=- feet =15f feet. 

(2) Eadius =^-^^#^ feet =?^ feet=86-30681 feet. 
V / 44 44 

22 X 12 

(3) Train goes in a second — - — feet. 

-D * • -1 v 22x12x60x60 180 . . 

Rate in mdes per hour =—;^^-^-^^^=-^= 257 1428*. 

(4) Diameter in miles='^ii|5???=7964A. 

22 X 883220 

(5) Circumference in ndles= = =2775834 J. 

/fl\ T> J- • -1 7x6850 23975 

(6) Radius in miles=—-j^—=-^^ = 1089Jf. 

(7) Circumference in feet=??-?ii|iii?=?^^; 

7 7 

22 X 25 
.'. T^ of circumference = — - — — feet = 6 feet 6i inches. 
^2 12x7 

22 X 21 

(8) Circumference in feet=: — - — ; 

.*. * of circumference = — ^ — JlL_feet=47| feet. 
' 7x7 

(9) If X be the side of the square, 

(diameter)^ =2x2 . 

diBineter^7xl50f^^^ 7x150 X V2 .^^ ^5^^ 
V2 22 X V2 22 X V2 X ^2 22 

(10) x^diameter ^ 7x200 ^ ^7x200x^2 ^^^ jm^ ^ 
^ ' V2 22x^2 22x2 11 

(11) Point goes in a minute feet. 

„^ . ., , 22x12x30x60 90 ,0- 

Rate in miles per hour= 7x1760x3 =y = ^^^' 
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(12) End goes in a minute 22x2x16x21 ^^^ 

Rate in miles per hour=^^ x 2 x 16 x 21 x 60^45^^^, 
^ 7 X 3 X 1760 2 ^ 



EXAMPLBS-^IV. (p. 12). 



(1) 60 
60 



5- 



16-08S 



•2680S 
.-. 24^ 16'. 5"=24''-2680* 



(2) 60 
60 



43- 



27ld 



•04527 
.-. 37^2'.43"=37''-0452l 



(3) 60 
60 



14- 



0-25 



•003S 
.-. 175^0'. 14^=175-0038. 

(6) 60 I 4- 

•Od 
.-. 375^4'=376^•0«. 



(4) 60 
60 



28- 



6-4d 



•091 



.-. 6'. 28"= -091°. 

(6) 60 \ 4' 
60 \ 12-06 
•201 
.-. 78M2'.4''=78''20l. 



Examples — ^V. (p. 13). 

(1) 25». 14\ 26^^=26g-1426. (4) 15\ 7"-45 = -150745». 

(2) 38». 4M5"=38«-0416. (5) 4258. 13\6"-54=425g-130564. 

(3) 214». 3\ 7"=214«-0307. (6) 2». 2\ 2"-22=2»-020222. 



EXAMPLBS—VI. (p. 19). 

(1) 27M5'.46^ = 27"-262f 

10 



272-62? 



30-291975 . . . 
.-. 27M5'. 46*'=30k. 29M9"-76 . . . 
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■ 

(2) 167^4'.9''=15r•0e9li ) 

10 



9 1570-6916 



174-5212$6S 
/. 167°. 4^ 9"« 174«. 62\ 12"i6i 

(3) 24', 18''-0°*406 

10 



9 4-06 



•46 
/. 24'. 18"«46\ 



(4) I9',0'.18''«19'-005 

10 



9 1 190-06 

21-1166^ 
.-. 19'. 0'. 18''=21» 11\ 66^-J. 



(5) 143^9'=143"•15 

10 



9 I 1431-5 

169-0655$ 
,-. 143^9'=169»,6\65"*4. 



(8) 28^=28* 



10 



9 I 280 



31-liiii 

.% 28'=3K 11'. ir-i. 



(7) 10'.26'.48'=10'-43 

10 



9 104*3 



11-58884 
% 10'. 25'. 48"- 11». 68\ 88^-S. 
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(8) 27".38'.12"=27°-636 

10 



9 276-36 



30-7674 
/. 27°. 38'. 12"=30«. 70\ 74"-67l. 

(9) 300M6'.58"=300°-266l 

10 



9 3002-661 



333-62901234567896 
.-. 300°. 16'. 58'=333». 62\ 90"-l234567896. 

(10) 422°.7'.22'' = 422°-122f 

10 



9 4221-227 



469-025368641975S 
.-. 422°. 7'. 22^=469*. 2\ 63"-6864l975l 

Examples— VII. (p. 20). 
(1) 19K.46\95"=19«-4596 

r 

9 

10 I 175-1355 



degrees 17'51355 

60 

minutes 30-81300 

60 

seconds 48*78000 

.-. 19*.45'.95" = 17°.30'.48''-7a 

(2) 124'^.5\8"=124«-0508 

9 



10 1116-4572 



degrees 111-64572 

60 

minntes 38*74320 

60 

seconds 44-59200 

.-. 124^.5*.8" = lir.38'.44''-592. 
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(3) 29».75'=29«-75 

9 



10 I 267-75 

degrees 26*776 
60 

minutes 46*500 
60 

seconds 30*000 

/. 29«. 75^=26°. 46'. 30". 

(4) 15*. 0M5"= 158*0015 

9 



10 135*0135 



degrees 13*50135 
60 

minutes 30*08100 
60 

seconds 4*86000 

. *. 15*. 0\ 15" = 13°. 30'. 4''*86. 

(5) 154*. r. 24" =154**0724 

9 



10 I 1386*6516 

degrees 138*66516 

60 

minutes 39*90960 

60 

seconds 54*57600 

.-. 154g. 7\ 24" = 138°. 39^. 54''*576. 

(6) 43»=43, 
9 



10 I 387 

degrees 38*7 

60 

minutes 42*0 
.-. 43*=38^42'. 
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(7) 38^71'. 20"-3»38»-7l203 

9 





10 1 


348-40827 


degrees 




34-840827 
60 


minutes 




50*449620 
60 



seconds 26-977200 

.-. 38«. 71'. 20"-3 = 34°. 50'. 26^-9772, 

(8) 50«.76'.94"-3=50«-76943 

9 



10 456-92487 



degrees 45-692487 
60 

minutes 41*549220 
60 

seconds 32-953200 

.-. 50«.76\94"*3=45°. 41'. 32^-9532. 

(9) 170«. 63\ 27"= 170»-6327 

9 



10 1535*6943 



degrees 153*56943 
60 

minutes 34*16580 

60 
seconds 9*94800 

.*. 1 70». 63\ 27" = 153°. 34'. 9^*948. 

(10) 324"^. 13\ 88''-7=*324«-13887 

9 

10 I 2917-24983 
degrees 291*724983 

60 

minutes 43'498980 

60 

seconds 29*938800 

.*. 324«. 13\ 88"-7*29r. 43'. 29^9388. 
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Examples — VIII. (p. 21). 

. 60xgr IT 

(1) Circular measure is "Tqq" =^ • 

22*5 X TT IT 

(2) Circular measure is — iqq '^"s" 

(3) Circular measure is llf ^ ?i5=^ . 
^ ^ 180 16 

(4) Circular measure is ?1^^=^ . 

(5) Circular measure is ?15_^«Z!r . 
'^ ^ 180 4 

/flv.ri- 1 • 24JtSx IT 14537r 1453»r 

(6) Circular measure is —^- — ^-zrz- — ri^=» ,^^^^ • 
^ ' 180 60 X 180 10800 

/^x r^. , . 95ixgr 286 xgr 143ir 

(7) Circular measure IS— ^-— = ,—- — 7:=-^;^^' 
^ ' 180 180x3 270 

/ox n- 1 • 12A^x»r 43504 X IT 27l9gr 

(8) Circular measure is — 5525 — =- .^ — _^ = -——- • 

^ ' 180 180x3600 40600 

(9) Circular measnxe of eachangle is «0-=.|. 

(10) The angles are 90% 45°, 45°, and of these the circular measures 

V IT IT 



Examples — IX. (p. 22). 

(1) Measure in degrees is ''^ =90. 

2 X IT 

(2) Measure in degrees is ^^^^ — =60. 

3 X IT 

(3) Measure in degrees is ''^ =46. 

^ 4x»r 
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(4) Measure in degrees is ^^^^^=30, 

(5) Measure in degrees is ^^^^^= 120. 

(6) Measure in degrees is ^ ^ 180 ^90 

2xgr TT 

(7) Measure in degrees is i^lM^?? . 

3X7r TT 

(8) Measure in degrees is ^>< 180 ^45 

4x7r IT 

(9) Measure in degrees is liLl§2=??. 

6xir TT 

(10) Measure in degrees is ^^^80 ^120 

3X7r TT 



Examples— X. (p. 22). 



(1) Circular measure is 



.„ 50 XW TT 

200~~T 



(2) Circular measure is 



. 25 X TT IT 



200 8 



(3) Circular measure is 



. 6*25 X gr TT 



200 32 



(4) Circular measure is ?50^^57r^ 

200 4 

(5) Circular measure is ^^^^ _^ 

200 2 ' 

(6) Circular measure is ^^'^^g ^ ^ =. ■06525257r. 

(7) Circukr measure is ?^25gl5^ 

(8) Circular measure is 125;^^^ 
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(9) Circular measure is -^^— = 'OOOIStt. 
(10) Circular measure is ^^^^^ ^ = t)0000257r. 



Examples — XI. (p. 22). 

1) Measure in grades is ——^ — =66'S. 

3 X IT 

2) Measure in grades is =40. 

° 5xir 

3) Measure in grades is ^^ =33*5. 

OXTT 

4) Measure in grades is ^^ =133*5. 

3 X IT 

5) Measure in grades is ?^= 120. 

6) Measure in grades is — =17— • 

' ^ 3xir 37r 

7) Measure in grades is lii?22=40. 

8) Measure in grades is lii200^25 

ft\ TVT J • 3x200 120 

9) Measure in grades is = — . 

SXTT IT 

(10)^ Measure in grades is 23x_200^460 



Examples— XII. (p. 23). 

(1) Measure=22j4-5=22-5-^5=4-5. 

(2) Unit =42-5° ^10 =4-26°. 

(3) Angle=8x2°, or, le**; 

.-. larger unit =16'*-T-5=3i". 
Then, smaller unit in terms of larger is 2-r 3^, or, |, 
and larger unit in terms of smaller is 3}-^2, or, f. 
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(4) Angle=7x3'*, or, 2r; 

/. larger unit =2r-f 6 =3i'. 
Then, smaller unit in terms of larger is 3-7-3^, or, f, 
and larger unit in terms of smaller is 3^-7-3, or, ^. 

(5) Measure=42-T-45=Jf. 

(6) 13M3'.48''=47628'', 

o 

.-. ratio=47628 x 5 : 227934=70 : 67. 

(7) G : D=10 : 9, /., 9(3i=10D, .-., G=D + iD. 

(8) The angles of each triangle are 90*", 60°, 30*", because the line, 
drawn from any angle of an equilateral triangle to bisect the base, 
cuts the base at right angles, and bisects the vertical angle. 

Expressed in grades the angles are 100<, 66§', 33^^. 

(9) Let x + iffXyX—yhe the angles. 

Then x+y+x + x-y=^lSO% or, 3x=180'*, or, a;=60*. 

(10) 39K-012 

9 

10 I 351-108 

degrees 35*1108 

60 



minutes 6*6480 
60 

seconds 38*8800 

(11) Number of degrees in the angle = ~ • 
Number of grades „ -."*^1^ 



Number of French seconds „ s 



60x9 

m X 10 X 100 X 100 5000m 



60 X 9 27 



(12) 5^33^20''=20000''; and90'*=324000''; 

... fraction-?2500^324ooo=-|^= 1 

5 324000 81 
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(13) Let X be the measure of the angle in degrees. 
Then _ is the measure of the angle in grades, 

andi-+A=l, or, 10a;=19, or, a;=l-9 ; 
.'. unit angle is I'd", 

(14) Let x + y,x,x-yhe the angles expressed in degrees. 
Thenl5(^)«a; + (x-y); 

or, 10a;+ lOy «= 18x - 9y, and .-. jc= --2 ; 

o 

.-.the angles are ?|l?,l|l?,ily, 

and these are in the ratio 27 : 19 : 11. 

^ ^ V3 9xV3 >/3 3 ^ 

(16) Let x+^, a;, X'^ be the angles expressed in degrees. 
Then x+y+x+X'-y^lQO% or, 3a;=:180°, or, aj=60". 

Also^(60-2^) : e0 + y=2 :9 ; 

or, 600-10y=120 + 2y, and .*. y^40\ 
Hence the angles are 100*, 60", 20^ 

(17) Circumference : diameter =360 : 2 x 67-29577 

= 180 : 57-29577 
=3-14159 . . . : 1. 

(18) The sum of the two angles is 90*", because the third angle is 90°. 
Hence, dividing 90" into two parts proportional to 2 and 3, 

we have 36° and 54° for the angles. 
.*. angles expressed in degrees are 90°, 54°, 36°. 
„ ' „ grades are 100*, 60', 40*. 

„ „ circular measure are -^, ^, -^. 

(19) Angle: 360°= 13: 27; 

1 360x13, 40x13, ,^«io 

.'. angle = degrees = — = — degrees =173^ . 
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(20) Angle :400« = 17: 54; 

.-. aiigle=^5^^ gra(ies= 125-52* grades. 

Oft 

(21) Angle subtended by an arc 18 inches long=anit of circular 

200 J 
meaflure=— grades; 

IT 
.*. angle subtended by an arc 24 inches long=— — gr,--__ gr. 

(22) 1st angle contains ~ grades^ or, — grades. 

Q^ o««i^ «^Tif«;r.o /onn 400 200\„^ ^^ 1600ir-3600^ 
3a angle contains i 200 ~ jgr., or, gr. 

(23) Angle required=-|. of 15°. 39'.7''=54°. 46'. 54"-5. 

tc,A\ n- 1 ^ 11-3 x»r 113x355 71 .!-►,- 

(24) Circular measure « ^^^ — = •— — — — - = — — = -1 775. 

^ ' 200 2000x113 400 

(25) Measure in degrees = ^^ = 207r. 

(26) Larger circumference =400 times smaller circumference. 
Then, since ^th part of smaller circumference subtends an 

angle of 1** at the centre, it follows that -^ of ^^th part 
of the larger circumference will subtend the same angle. 

... part required \ L_. 

^^ ^ 400x360 144000 

(27) 4 right angles = 360* =400»=»27i< ; 

.'. the measure of 1* will be — — , 

360' 

the measure of 1» will be — — , 

400' 

the measure of 1® will be -=- . 

27r 



KEY TO ELEMENTARY TRIGONOMETRY, 17 

(28) Length of whole circumference of earth = 7980»r miles ; 

.*. length of 1 degree of meridian =-——— miles==— — ^ miles. 

ooO 6 

(29) (1) \ X 45**= 67^** ; 4 x 45°= ISO" ; ir x 45''=«467r° ; 

^4ft + l.'j X 45° = (» . 180 + 15)°. 
(2) |xf =f ; 4x:|.=,r; ^x:^=(|)'; 

3 X 180 

(30) Number of degrees in the unit angle = ; 

It 
•" ♦^ m -i t Atio AtL 3x180 46xgr ir 



.'. measure of an angle of 46°=46-5-l 



TT 3x180 12 



(31) (1) Sum of angles = (12 - 4) right angles = 8 right anjgles. 

(Euclid, I. xxxii., Cor. 1.) 

8 X 90 
.*. each angle= — -— degrees=120°. 

6 

(2) Sum of angles =(10 -4) right angles =6 right angles ; 

.*. each angle =—^^ — degrees =108^ 

5 

(32) (1) Eachangle=^^^grades-120«. 

12 X 100 
(2) Each angle = — g grades = 150«. 

IT 

(33) (1) Circular measure of each angle =-^- 

(2) Circular measure of each angle =- — -= — . 
^ ' ® 6 x2 3 

(34) Sum of aU the angles = (27i - 4) right angles ; 

.*. circular measure of each angle = ^" • ^=ir 

fi 2 n 

(35) Arc subtending an angle of 180°=187r feet 

.'. arc subtending an angle of 10°= -— r- feet=ir feet. 

B 
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(36) Let 271 and n be the number of sides in the polygons, respec- 
tively. 

Each angle in first polygon contains — -^ right angles. 
Each angle in second polygon contains ^"" right angles. 



n 



471-4 2n - 4 



=3:2; 



271 71 

.'. 471-4=671—12, or, 27i=8, or, w=4. 
Hence the number of sides will be 8 and 4 respectively. 



Examples— XIII. (p. 

„x . T> .X. J5D ^ ^^ AD 
(1) sinjBJ.D= j-g ; cos5^D=xg ; tej 



36). 



BB AB BD 

^AB' cos5-^D=^jg ; tan5J.D=jj^; 

sin-4JBD= xn ; cot-4JBD=-TD ' cosec-45D=-xg > 

sinjBCD=-g;^ ; sinC£D=-gg; tanJBCD=^^' 

B 




Fig. 6. 



(2) -^ = sin-4, . •. a = 6 . sin-4, 

-^ = cosC, .\ a=6.co8C, 

— =tan-4, .'.as=c. tan.4, 
c 

^=cotO, .'. a=c.cotC; 
c 

and similarly for the rest of the Examples. 
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Examples — XIV. (p. 49). 

(1) cosa . siny . cos8 = co80° . sm45° . cosGO" = 1 x -— . J_^ \ _ 

(2) sin^.cos ~. cosecd==sin90° . cos45" . cosec60° 



- 1 2 /2 



V2 V3 
(3) sin ^ + cos^-seca=sin90° + cos30"-secO° = H-^-l=^. 



(4) sin ^ . cosec-|-.sec8=sin60°.cosec90°.sec60°=^ x 1 x 2=^3. 

(5) (sin^ - cosd + cosec/3) ( cos^ + sec -^ + cotd ) 

= (sin90° - 00890° + cosec30°). (00890" + sec45° + cot60°) 
= (l-0 + 2).(0+V2 + ^)=3x(V2 + ^)=3V2 + V3. 

(6) (sind - siny) (cos/3 + cosy) = (sinGO" - sin45'') (cos30* + cos45°) 

V2 V2A2 V2/ 4 2 ""4 
8in2/3 = sin230''=i- x y = j - 



(7) cot2 iH - cot2 E. = cot246° - cot230° = 1 - 3 = - 2. 
4 6 

®^^ 6 4 4 2 -.2__ - 

— ^ ^ -" Am 



Sin^ —r ' Sin^ -— -r ' -7r 

4 6 4 2 
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(„ (..|.«.^)(^|-»|).(^.f)(f 4) 



3 11 TT 



(9) cos ^ . cos -=— • ^=^. 
V / ^ 3 cos g 2 2 4 



!/»/*« /^.'r\l^^„/ir 7r\ 1 ^1 w- 



2 2 2 4 



(10) tan2^-taii2^=3-4-=-|-- 
^ * 3 6 3 3 



rA-rA ^ «:^2 W" 3 1 

sin* — — sin* -— 



6 



8 



cos^^.cos*^ l.A 3 
3 .644 




Pia7. 



Examples— XV. (p. 52). 

(1.) Let FM. be the tower ; A the place of 
observation. 

Then J.JJf=200 feet, and l P^J^f«60^ 

Now TM^AU. tanPwAJtf 

= (200x^3) feet =346-4101 ... feet 



(2) Let i20 be the tower ; P the point of obser- 
R yation. 

Then w4P=140 feet, and l IJPwA =30^ 
NowJR^=P.4.tan30^ 

-140 140^ ,_,_, 

Pio. 8. "" V3 3 

.-. 220=80-829037 ... feet + 6 feet =86-829037 . . . feet 




feet =80-829037 . . . feet 
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(3) Taking the diagram in Art. 87, 

.-. tan iSfQl?=V3, and .-. Zi8fQi^=60^ 



(4) Let AB be the steeple ; P the point 
of observation. 

Then P5==300 feet, and L AFB^ZQ\ 
Then AB^^PB. tan^PP 

=300 .J- feet=100V3 . feet 

v3 r 

=173-205 . . . feet. 




Fig. 9. 



(5) Let AF be the rock ; the position 
of the ship. 
Then AP-=2A6 feet ; and z J.OP=30° 
Now PO=-AF . cot^OP 

=245 . V3 ft. = 424-352 ... ft. 




Fig. 10. 



(6) Let AB be the hill ; C and D the positions of the milestones. 

Then DC=1 mile; zJ.GB=45°; 
z J.D5=30°. 

Hence z (L1P=45°, and AB^BG. 

Let a; = height of hill in miles. 

Then AB=^BD . tan^DP 

= (PC+OD). tan 30**; 




.-. V3. »=» + 1, or, a; = _i — ^^3 + 1 ^3 + 1 ^ 

' ' siZ-l 3-1 2 ' 

2-732 . . . 



. . X~*"- 



2 



V3 
miles =1-366 . . . miles. 
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(7) Let -40 be the flag-staff; TO the tower; M. the point of 
observation. 

Then PJJf=100 feet; z^MP = 45'; 

L OMP= 30*. 
Then AO-=^AT-'OT 
=Pilf-PM.tanOikrP 

= ^100 -100--^^ feet. 

=300-100^3 feet 
3 

P 300-173-205. .. 




Pig. 12. 



feet =42-265... feet. 



(8) Let AF be the tower ; MO the column ; MD parallel to OT. 
fK^ Then zJ.MD= 30% and z J. 0P= 60°. 

ThenMD=OP- J.P.cotJ.OP= ^^feet. 

V3 

And.4I>=JJfD.tan^MD=15§ . 4-feet 

V3 V3 

=l^feet=36feet. 
Hence OM=J.P-.4D=(108-36) feet=72 feet. 

Fio. 18. 




(9.) Let AP be the tower ; Jf and the points of observation. 

A Then l .4MP=60''; and L AOT^Z^\ 
Let a; = height of tower in yards. 
Now L AMT^ L AOF^ i 0AM, 
or, 60'*«30'*+ I 0AM; 
.-. lOAM^SO^'^iAOMy 
and .'. M4 = OAf=100 yards. 

— ivi r 

Fig. 14. 

Then AP=MA . sin^AfP-lOO . -^ yards=50V3 yards. 
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(10) Taking the diagram in Art. 87. 

tan^(?5=^=- = .4; 
.*. altitude of the sun is 25**. 



(11) The diagram represents a vertical 
section of the spire and tower. 

Let X represent the height of the spire in feet. 

Then J[M'=x + 35 - 23=» + 12, 

5M= 60 + 17^=77-5, 

a; + 12 



and 



77-5 



■=tan^5Jlf=l-5; 



.*. a; + 12=116-25, or, a;=104-25feet. 




Fig. 16. 



(12) Let OB be the height of the kite in 
yards. 

Let JLO be the string. 

Then 05=^10. sinOJLjB 



=(250 X ~ jyards= 125 yards. A 




Fig. 16. 



(13) Xet ^C be the rope ; AB the height of 
the house. 

Thenz J[O5=40\30'. 

And J[C= .^.^p =^ feet=924feet. 
sm-lCB -65 13 




Fig. 17. 
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(14) Let JLObe the tower; 5C the breadth of the river. 

A Thenz J[5(7=20°. 

And BC=-^^^— 




PlO. i& 



120 
=^feet=342f feet 



(15) Taking the diagram of Art. 87. 



Length of shadow = QB= 



AB 



6 



iAsiAQB -74? 



feet=8-053 . . . feet. 



Examples— XVI. (p. 57). 



(1) cos^ . tan^-cosd . ?^=sin^. 

cosa 

(2) Bind . cotd=8ind . ^=^s^. 

/r%\ • •I SUlCt 

(3) sina . seca = sina . = — — =rtana. 



cosa cosa 



(4) cosa . coseca = cosa . JL=s5??^=:cota. 

sina sina 



(5) (1 + tan2^ . cos2^=sec2d . cos2^= 



008^^ 



COS^^ 

sin2^ 



= L 



(6) (1 + cot2^ . sin2^=cosec2^ . sin2^=?^^= 1. 

sin^^ 

f^y. tan^a tan^a sin^a « . „ 

w I . i.^^2 ~:: — 2~= — 0— co8^a=sinV 
l+tan^a sec^a cos^a 



cosec^a 



cosec^a 



^ = 1 - sin%= cos^a. 



(9) taiix+cote=?i5?+^=.si>i'« + cos»r 



008SC siDx cosx.sina; cosx.sino; 



=seca; . coseca;. 
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1 sinx 

COSX--i 

, V cosg » cosecx . tang _ sina; cosx cosa; . sina; . cosa; » sing _ 

^ ' sing . secx . coto ~. 1 cosg "sing. sing. cosg.cosg" 

sing : — 

cosg sing 

(11) cosg + smg. tang = cosg H = = — =secg. 

cosg cosg cosg 

/,ov cos^ _ cos^ _ cos^ . sin ^ _ . ^ 
^ ^ tan^.cot^^""^^ 'qI^~^^^^' 

(13) (cos^d - 1) (cot^d + ]) =(cos2d - 1) . cosec*^= - sin^d x -JL= - 1. 

cos^a o « / 1 ,\ o l-sin^a 



(14) cot2a-cos%=^^?^-cos2a=cos*a(-T-5- - 1 1=008% 

sin^ \sm% / 



sin% 



o cos'^a ^^4.2 ^^„2 
=cos*a— r-o-= cot^o. cos^a. 

sm% 



(15) sec% . cosec^a = sec^a (1 + cot%) = sec% + sec*a — ;-^- 



sin^o 



=sec% + cosec%. 

(16) sin^<^ + sin^t^ . tan^(^ = sin2<^(l + tan^) = sin*<^ . sec^ = tan^t^. 

(17) cot^<^ . 8m^<^ + sin^t^ = sin^t^ (cot^<^ + 1 ) = sin^<^ . cosec^i^ = 1 . 

(18) sec^d) - l=tan2rf>=?^==sin2A . sec^rf^. 

cos^<^ 

(19) 2 versin<^ - versing = 2(1 - cos<^) — (1 — cos<^)^ 

= 2 - 2cos0 - 1 + 2 co8<^ — 008^0 = 1 - cos*0 = sin^i^. 

(20) ^^ J. =1 ^= 1 - cos^= versing. 

Examples— XVII. (p. 60). 

(1) Let PAM be an angle whose cosine is c. 
Draw FM perpendicular to AM, 
Then if AF be represented by 1, 
AM will be represented by c, and 

FM will be represented by Vl - <?. 
Then, denoting z FAM by Ay 

sm^ = -;^-p= — - — =vl-cos^^ . _ 

AP 1 Fio. 19. 
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tan^ = ^^ VT^ Vl-cos2^ 



seCi4 = 
cosec^ = 



AM c coaA 

AM c C03A 

AP I 1 



PM vrr^2 ^1 _ cos2^ 

PM" vr^""" Vi - cos^i 



(2) Let PAM be an angle whose cosecant is c. 
Constructing a diagram as in Example (1), the measures of AP, 
PM, AM may be taken as c, 1, Vc^-l respectively. 



Thensin^=^=l= ^ 



COS^ = 



AP c cosec-4 

AM . Vc^-l \/cosec^^ - 1 



tan^ = 



AP c cosec^ 

PM 1 1 



AM Vc2-1 Vcosec2^-l 



. -4P c cosec^ 

sec^=-r^i>= 



AM a/c2-1 Vcosec2J[ = l 

MP^ — i — =^cosec2^-]. 

(3) Let PAM be an angle whose secant is s. 
Constructing a diagram as in Example (1), the measures of AP, 
AM, PM, may be taken as s, 1, fJs^—l respectively. 

PM \/»23i Vsec2^ - 1 



ThensinL4= 
cosJ[ = 



AP 8 sec-4 

AM^l^ 1 
JLP « sec-d 



AM 1 — " vsec^J. - 1 

J, AP 8 BecA 



cotA = 



PM V?ri Vsec2^ - 1 
AM^ 1 ^ 1 
PM ^^ZTi Vsec^JL - 1. 
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(4) Let FAM be an angle whose cotangent is c. 

Constructing a diagram as in Example (1), the measures of AM, 

FM, AF may be taken as c, 1, sll + c^ respectively. 

FM \ 1 



Then sin^ = 



AF Vl + c2 Vl + cox? A 



. AM c cotA 

00sA = -rTT = —i- 



tanJ[ = 



AF ,JT+? Vl + cot^^ 
FM I I 



AM c cot A 

COSecJ =^Tirr= :; = Vl + COt^^ 

FM 1 

se A = ^^= ^^ "^^^ z^ Vl + cotg^ 
AM c " cotA 



Examples — XVIII. (p. 61). 

(1) Take the diagram as before ; then if z FAM be denoted by a, 
the measure of PJfmay be denoted by 2, the measure of AF by 3, 

and therefore the measure of AM hjl Vq - 4= Vs. 

Then cosa=s-~ and tana=— 7^- 

3 v& 

(2) Let the measure of AM be 4, and that of AF be 5 ; then that 
of ^Jf will be V25 - 16, or, 3. 

3 3 

Then sina = -=-, and tana= -7- 
5 4 

(3) Let the measure of AF be 4, and that of FMhe 3 ; then that 
of FMwm be V16-9, or, V7. 

Then cosd=-~, and tand=— t;;' 

4 ' v7 

(4) Let the measure of PJf be 1, and that of ^P be y/Z ; then that 

of JlJf will be V3-I, or, ^2. 

2 1 

Then coa6= ^J-^, and tand=— 7^- 
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(5) Let the measure of PJfbe a^, and that of ^Jlf be 6^ ; then that 
of JIP wiU be >s/S*TP. 

Then coseca = — — § — , and seca = -^^^-rs 

(6) Let the measure of JIM be a, and that of AF be h \ then that 
of PJlf wiU be VP^^2. 

Then tana= , and coseca = ._ — - * 

(7) Let the measure of FM be a, and that of AP be 1 ; then that 
of J[3fwillbe Vl-a*. 

n 1 

Then tand =—?===, and secd= 



(8) Let the measure of JIM be &, and that of AP be 1 ; then that 
ofPMwiUbe slY-^, 

Then tand= — r — , and cosec^= , • 

(9) Let the measure of FM be' 6, and that of J P be 10 ; then that 
of AM will be VlOO - 36, or, 8. 

Then 003^=77:=-^-, and cotd=— =— • 
10 o 00 

(10) Let the measure of JIM be 5, and that of AP be 9 ; then that 
of PM will be \^81- 25=^56=2^11. 

5 9 

Then cotd= — -j= , and cosecd=; 



2Vl4'^ 2V14 

(11) Let the measure of JIP be 22, and that of PMbe 9 ; then that 
of AM will be V484- 81=^403. 

Then cos^= -q^- , and cotd= — ^— • 

Alt 9 
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(12) roS=103-10^93^31^ 
^ ^ 90 90 30 

Let the measure of AT be 31, and that of AM be 30 ; then that 

of FM will be V961 - 900, or, Vel. 

Then smd=^ , and tand=^ • 

(13) Let the measure of PM" be 99, and that of AT be 101 ; then 
that of AM will be Vl0201 - 9801, or, 20. 

Then cos</> = — , and oott^s-Q^ . 

(14) Let the measure of AM be 20, and that of AT be 101 ; then 
that of PJM will be V10201-400, or, 99. 

Then sin^sarrry, andtan0=«^- 

(15) Co8d=l-ver8ind=l-^=^. 

Let the measure of ^Mbe 12, and that of AT be 13 ; then that 
of PM wiU be V169-144, or, 6. 

Then sind=Yq>*^dsecd=a^» 



Examples — ^XIX. (p. 63). 

' ^ ""cosec^ ~" Vcose<y*J[ "" V(l + cot*^) ' 

(2) cos^ "g-^^ "" VSiSJ" V(l + tan^Jl) * 

. . ootos cotgg cotgg 

^ ' ™cosecx™V(cosec^)""V(l + co*^)' 

(4) tanas. cosa;s=sina;=V(l-oos^). 

(5) C0S9« 7L^=-3LV r £. 

^ ' ^ cosec9 oosec9 
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(6) tan(^=^-^= ^(^ - ^^«'^)= . /f J-l^-^^ . 

^ ^ COS(^ COS0 V \ C0S2<^ / 

(7) sin^a = 1 - cos^a = (1 + cosa) (1 - cosa) = (1 + cosa) . versina, 

(8) tan^a - tan''^ = ?J^ _gin|^sin'a.cos''^-co8'a.gin'ff 

cos^a cos^/S cos^a.cos^/S 

_ (1 - cos^a)co8^g ~ (1 - co8^g)cos^a _ cos^g - cos^g 
cos^a. cos^/3 ~cos% . cos^/S 

__ (1 - singa)smgg - (1 - singg)singa _ sin^g - sin'-^a 
sin^a . sin^/S sin^a . sin^/S 

(10) sin^^ . tailed + cos^^ . cot2^= (1 - cos^^) . tan^^ + (1 - sin^^) . cot«^ 

= tan^d - sm2d + cot^^ - cos2^= tailed + cot^^ - (sin^d + cos*^) 
= tailed + cot2d-l. 

(11) sec*d + tan*d=(l+tan2^2 + tan*d=l + 2tan2^ + tan*^+taii*^ 

= 1 + 2 tan2^(l + tan2^)= 1 + 2 \^^ . sec^d. 

(12) cosecd(sec^-l)-cot^(i-cos^=-^-^_ 1 ^52!^+£?^^ 

^ sin^.cosd Bind sind sind 

sin^ . cosd Bind "* Bin^ . cosd " sm"^ ~ ^^^ " ®"^^- 

(13) cot^ft + tan^ft = (cosec^ft - 1) + (sec^ft - 1) = cosec^fc + sec^fc - 2 

1 , 1 o 008^6 + sin^ft 



=^jj;2j^-2=coBec26.8ec26-2. 



(14) C0t'M-C08U=^-C08«^=C0BM(^-j^-l) 

(15) taii^^-sin^^=S|-sin^^=Bin^^(^-i^^-l) 
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(16)(sec«-cosec^)(l + cot«+tan^=(^,-4-,)(l+5g+^J) 

__ sind - cosd sin^ . co8^ + 1 _ sin^d . cosd + sind - sin^ . cos^d - cosd 
""sind . cos^ sind . cos^ "" sin^d . cos^d 

(1 - 008^^)008^ + sin^ - sin^(l - sin^^) - cos^ 



_ cosd - cos^d + sind - sind + sin'd - cos^ 

_ sin^^ - co8^^ _ sin^ cosd__sec^d cosec^^ 
"sin*^. cos^^~"oo82d sin^^~co8ec^ seed 

iyjK cosecd seed cosd siDd _ C08^d + sin^d 
seed cosecd'~s1nd cosd"" sind.cosd 
1 



sind . cosd 



=secd.eoseed. 



(18) co8d(tand + 2) (2 tand + 1) = cosd(2 tan^d + 5 tand + 2) 

= 2 cosd(taii2d + 1) + 5 cosd . tand 

= 2 cosd . sec^d + 5 . 8md= 2 seed + 5 sind. 

(19) co8a;(2 secsc + tana) (secsc - 2 tana) 

=eosa;(2 sec^ - 3 seea . tana - 2 tan'a) 
=2 eosa(sec^a - tan^) - 3 cosa . seea . tana 
=:2cosa-3tana. 

(20) (cosecd - cotd)2 = cosee^d - 2 eosecd . cotd + eot^d 

1 2 cosd cos^d 

^sin^d sin^d ■*" sin2d 
_ 1 ~ 2 cosd + cos^d ^ (1 - cosd)^ 
sin^d 1 - cos'^d 

_ (1 - cosd) (1 - COSi 
■" (1 + cosd) (1 - cosd) 
1-cosd 



1 + cosd 

1 1 cosd - sind 

/g^v seed . cotd - cosecd . tand sind cosd sind . cosd 

cosd -sind ™cosd- sind "~ cosd -sind 

=^—3 ^= cosecd . seed. 

sind . cosd 
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(22) seed + cosecd . tan^^ri + cosec^d) = — ^ + — !^ + — ,-. 

cosd cos^d cos^d 



COS^d COfl'd 



(23) (smd + 8ec^2 + (cj)g^ + cosec^* 
=sm*d + _ + — ±_ + cos2d+^^-t 



cosd cos^d sind sin^d 

g_ 2 J ^ I ^ = M J •*• \ 3_, /J + secd.cosecd)^. 

sin^d.cos^d sind.cosd \ sind.cosd/ 

/^.v 1 + (cosecd . tan ^^ _ sin^d . cos^0 _ sin^d . co8^<^ + sin^ sin^a 

1 + (coseca . tan qE))^ ~ sin'c^ ~ fiin^a . cos^qE) + sin^^ sin^d 

sin^a . cos^ 

_ sin'd(l -- sin^(]g>) + sin^<^ sin^asin^d - sin^d . sin^<^ + sin'c^ sin^g 

"" sin2a(l - sin2(]()) + sm*0 sin^d ~" sin^a - sin^a . sin^c^ + sin^t^ sin^d 

sin^d + sin^c^ . cos^d sin^a 
"~ sin^a + sm^0 . cos^a sin^d 

^ 1 + sm^0 . cot^d ^ 1 + (cotd . sincf))^ 
1 + sm^0 . cot^a 1 + (cota . sin0)2 ' 

(25) (3-4smM)(l-3taii2^)=(3-4sm«J[)(l-?i^^ 

==(3-4sm«^)f^'^-ff^'-^^ 

= (3 - 4 8in«^)(52^^.:ig^^2^) 

cos'J. 
=3^!^i^5!^(4co8«^-3) 
«(3-tan«J[)(4co8«^-3). 
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Examples— XX. (p. 65). 

1. (1) 90** - (24^ 14'. 420 « 65°. 45'. 18^. 

(2) 90° - (43°. 2'* 57^ =46^ 57'. 3". 

(3) 90' - (64°. 0'. 14'0 -25^ 59'. 46^. 

(4) 90' - (82^ 4'. 15^ = 7°. 55'. 45". 

(5) 90' - (125°. 15'. 42^ = - (35°. 15'. 42*). 

(6) 90' - (178'. 27'. 34^ = - (88°. 27'. 34^. 

(7) 90° -195'= -105°. 

(8) 90' - 254' =^^- 164'. 

(9) 90'-(-25')=90' + 25°=115°. 
(10) 90'-(-245')=90° + 245'=335°. 

2. (1) 100«-(32».23'.24^^)=67».76\76". 

(2) 100« - (95». 3\ 75^0= 4». 96\ 25". 

(3) 100» - (46«. 0\ 84^^)=53». 99\ 16". 

(4) 100« - (2». 5\ 4") = 97«f. 94'. 96". 

(5) 100« - (135». 2\ 5") = - (35». 2\ 5"). 

(6) 100» - (169». 0\ 3") = - (69«f. 0\ 3"). 

(7) 100«-243»=-143«. 

(8) 100»-357«=-257«f. 

(9) 100«-(-35»)=sl00» + 35»=135«. 
(10) 100«-(-2468)=100«+245«=345«. 

o t'\\ "^ ^ ^ /a\ IF IT IT /Q\ IT 3w TT 

3. (l)2-4 = 4- (2)-2-3=-6- " ^^^J-T'-W 



/>l\ »r / 7r\ TT . TT 37r /r\ ^ / 37r\ IT , 37r 



57r 
T 
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1. (1) 180' 


(2) 


180' 


(3) 


180' 


(4) 


180' 


(5) 


180' 


(6) 


180' 


(7) 


180' 


(8) 


180' 


(9) 


180' 


(10) 


180' 


2. (1) 


200« 


(2) 200« 


(3) 


200* 


(4) 


200« 


(5) 


200« 


(6) 


200« 


(7) 


200« 


(8) 


200» 


(9) 


200« 


(10) 


200« 



EXAMPLBS— XXL (p. 68). 
(34'. 12'. 490=146'. 47'. 11^ 
(132'. 24'. 47^=47°. 35'. 13^ 
(146'. 0'. 410=33'. 59'. 19^. 
(28'. 15'. 40=161'. 44'. 66^ 
(179'. 69'. 690 = I''. 

(100'. 49'. 630=79'. 10'. 7^. 
245' =-66'. 

(437'. 3'. 40 = - (257'. 3'. 40- 
( - 490 = 180' + 49' = 229'. 
( - 3560 = 180' + 355'=536'. 

(1328. 32\ 42")«67«. m\ 68". 

(196».2\670=4«.97\43". 

(3».9r.980=196».2\2". 

(66«. 12\ 80 = 1348. 87\ 92". 

(164«.3\ 60=45*. 96\ 94". 

(174«.0\ 40=25*. 99\ 96". 

275»=-76«. 

(527«. 2\ 14") = - (327«. 2\ 14 \ 

(-35«)=200« + 35«=236«. 

( - 325»)=200« + 325«=525». 



8. (l).-f-^. (2).-f=f. <3).-^-f. 
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4. Let 6 be the circnlar measure of the angle. 
Then -^ - ^ is the complement of 6 ; 

and IT - ( ~ __ ^jj or, -^ + ^ is the supplement of the comple- 
ment of 6, 

Again tt - ^ is the supplement of B, 

and ^ - (tt - ^, or, ^ - ^ is the complement of the supple- 
ment of 6 \ 

.•.difference=|.+(?-(d-|.)=|- + ^=,r. 



Examples— XXII. (p. 72). 
1. (1) Take the construction and notation of Art. 101. 

Then sec(180^ -A)^ sec JS;OP'=^= J^= - sec^. 

(2) Take the construction of Art. 102, and let i E0P=^6, 

Then cosec/^— + e\ =-5^ =-^=sec^ 
V2 ^ J TM OM ' 

(3) Take the construction and notation of Art. 103. 
Thentan(180 +^)= QJg7-:^0M*aM=*^• 
(4) Take the construction of Art. 103, and let i EOP=B, 

np^ np 
Then 8ec(» + ^ = ^,- f^= - secA 

(5) Take the construction of Art. 104, and let i E0P=6. 

Thentan(-(J)-^=^=-tan^. 

(6) Take the constraction of Art. 104, and let i. EOF =6. 
Then cot(2ir - tf) -cotBOP'=.^=-^= - cottf. 
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2. (1) Take the constmction of Art. 102, and let L EOP^B. 

Then cosec(90"+-B)=co8ecJ&OP'=:^=^=secB=-p^^= . 

I'M VM wcosecrB - 1 

(Ex. XVII. 2.) 
(2) Take the constmction of Art. 103; and let i EOF==<p, 

Then co8ec(ir + <p)=^c(mcEOr=y^=:—~^= - cosec^. 

3. (1) Take the construction of Art. 102, and let z EOP=A. 
.Then sec(90°+^)=8ecBOP'=^=-^= -coBeo4= - -^^ 

(Ex. XVII. 3.) 
(2) Take the constmction of Art. 99, and let z EOF=B. 

Then secf^-^)=secJS;OP'=^=^^ = coBec^=-=^=. 
\2 / OM" PM Vsec«d - 1 

(Ex. XVII, 3.) 

Examples— XXIII. (p. 72). 

(1) 8inl20'' = sin(180'* - 120") = sinCO" = ^ . 

(2) cosl20'= - 008(180'* - 12O'0 = - 00860^*= - i. . 
(3)sinl35-=.in(180»-135-) = Bin45'=^^. 

(4) C08136' = - 008(180** - 136") = - C0846' = - -^ • 

(5) Binl60°=sin(180'-150°) = 8in30°«4-- 

(6) 008150**= - 008(180** - 150*0 = - co830^- - ^ . 

(7) 8Ui225°=8in(180** + 45**)= -sin45'*= - i- . 

V2 

(8) sin240** = sin(180* + 60*) -= - sinOO** = - ^ • 
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(9) tan300° = tan(360'' - 60") = - tanGO" « - V3. 

(10) coBecSOO'* - cosec(360'* - 60°) « - coBec60° =» - -4 • 

(11) Bec315°=sec(360° - 45°) =sec45**= V2. 

(12) cot330° « cot(360" - 30') = - cotSO** = - V3. 



EXAMPLBS— XXIY. (p. 7s). 

(1) 8in^ + cos^=0, 

sin2^=l-sm«^, 
2siii2^=l. 

Hence ain^=- ±-l5> and •*• ^=»46' or -45*. 

The latter of these values must be taken, because sin^ and oos^ must 
have different signs to satisfy the equation. 

(2) sin^-cos^=0, 

sin^sscos^, 

and, as in Example (1), ^^=45'' or -45^ 

The former of these values must be taken, because sin^ and cos^ 
must have the same sign to satisfy the equation. 

(3) sin^»tan^, 

sin^=^^ , and, dividing by sind, 
cosa 

1=—-, or, cos^sl, and .*. ^=0'. 
COSa 

(4) COB^^COt^, 

cos^ss^^ , and, dividing by cos^, 
sina 

1= -JL , or, 8in^=l, and .-. ^«90'. 
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(5) 28iii^»taii^, 

28&i^»^, or, 2co8^=l, or, wbB^\, and, /., 0=6O^ 

0069 2 

AlflOy since we diyided }aj sin^, one Talue of to satisfy the original 
equation is giyen by sin^sO, or, 0sO^ 

(6) 3sin^»2co8*tf, 

38in^»2(l-8in<^, 

2sin^+38in^»2, 

8in*tf+-3<in^=l. 
• u . 3 . ^ . 9 25 

gin^+— =±— . 
4 4 

Hence sin^^-^-, or, -2. 

The second yalae is inadmissiUe 

/. sintf=-|-,or, tf=30". 

(7) volB + cos*tf . C08ec^= 2, 

8m*tf+cos'tf=2sin^, 
l»28in0. 

Hence vaaB^-^y or, ^=30*. 



(8) tan^«4-3cot^, 

tan0+3cot^=4, 

tan2^ + 3=4tan^, 
tan2^-4tan^=-3, 
tan2tf-4tan^+4=l, 

tan^-2»±l. 
Hence tan^— 3 or 1, and the hitter of these yalnes of tan^ enables 
us to say that vm value of ^ is 45^ 
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(9) 4sec«^-7tan*^=3, 

4(l+tan*^-7tan«tf=3, 

4-3tan«tf=3, 

tan*tf=-g-, or,tan^=--T5, and /. ^=30'. 

4 

(10) coB^ . cosec^ + sin^ . sec^ = -j^ > 

COB^ ■ sjp^ 1_ 

coB'^+BJny ^ 4 
Bin^.coB^ V3' 

V3'»4Bin0.co6^, 
3=168in*tf(l-sm«^, 
168m*tf-168in«^=-3, 

8m*^-Bm*^=-jg- 

3 1 

Hence Bin*^=-7- or -j-, 

and .-. sm^=-^ or \, and ^=60** or 30'. 

(11) 38m^-oo8«tf+(A/3 + l)(l-28intf)=0, 
SsinV- (1 -Bin'tf) + V3+1 - V38iiitf-2 sintf =0, 
4 sin'tf - 2( V3 + l)8mtf =• - ^3, 

4 4 

Hence Bin^=-^ or |-, and ^=60** or30°. 

(12) 3co82^-sin«^ + (V3 + l)(l-2co8^=0, 

3cos2d-(l-cos2^+ V3 + l-2V3coBd-2coB^=0, 

4 co8«d - 2( V3 + l)cos^= - V3. 
Hence, by the same process as in Example (11), 

cos^=-2^ or \, and ^=30° or 60'. 
2 2 
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(13) sec^ . cosec^ + 2 cot^ = 4, 

1 2C08^ _ . 

cos^.sin^ Bind "" ' 

1 + 2 oob'^ = 4 sin^ . cos^, 

1 + 4 c50s«^+4coB*^=16 sin*^ . cos*^, 

1 +4 cos'^+4 cofl*^= 16 cos*^- 16 cos*^, 

20coB*^-12cofl'd=-l, 

3 1 

o 20 

Hence cos2^=-5-, and cos^=-^, and ^=46° 

(14) Bin^ + «x)8^= V2, . . . (1), 
8m*^ + 2Bm^.cos^ + cofl*^=2, (2), 

2 sin^. 008^=1, 

48in^.co8^=:2, and, subtracting this from (2), 
sin^^ - 2 sintf . cosd + cos*^==0, 

sin^- cos^— 0, and, adding this to (1), 

2sind=A/2, .-. sintf=i,and^=45°. 

v2 

(15) cot*^+4cos«d=6, 

cos«^ + 4 cos«^ . sin«d= 6 sin*^, 

cos*^ + 4 C08*tf - 4co8*^ = 6 - 6 cos*^, 

COS*tf - -2-C0S*^= - -S- • 
4 z 

Hence cos'd=-T- or 2. 

4 

The latter value is inadmissible, and we must have 
cos2tf=^, or, cosd=-^, and ^=30^ 

(16) tan^ + cotd»2. 

tan«^-2tan^=-l; 
/. tan^=l, and^=46*. 



KEY TO ELEMENTARY TRIGONOMETRY, 41 

(17) Bin^-cos^= V2, . . . . (1) 
sm*d-2sm^.cos^+coB*tf=2, .... (2) 

- 2 sin^. 008^=1, 
4sin^ . cos^= - % and adding this to (2) 
sin*^ + 2 sin^ . cosd + co8*d=0, 

8in^+cos^=:0, and adding this to (1) 

2sin^=x^2,or,sind=--72, and^=46'' or 136*. 

Now oos^ has to be of the same numerical value as sin^, but with a 
different sign, and hence 45° is an inadmissible value of B \ 

(18) sin^ + cos^ = 2 V2 . sin^ . cos^^ 

sin^tf + 2sin^ . cos^ + cos'^=8sin'^ . cos^^, 
8 sin^^ . 008^^ - 2sin^ . cos^ » 1 , 

8in2^ . cos^^ - i-. sin^ . cos^= -1-, 

sin*^ . cos«tf - i-sintf . cos^ + i-= |^ . 
4 64 64 ' 

/. sin^. cos^=-2- or- -^r-. 

Taking the former of these values, we get 

sin«d(l-sin2^ = -j-. 
Whence sin'd=-2-, or, sind=--^, and ^=46*. 

(19) a/3 . 8in^= tJZ - cos^, 

3 sin*^=3- 2 a/3 . cos^ + oos*^, 
3-3cos«^=3-2V3cos^ + cos2d, 

4cos«tf=2V3.cos^. 
Dividing by cos^, we get 

4 cosd=2 V3, or, oos^=0. 

Hence cos^='-o- , 6r, cos^»0 ; 
.-. ^=30** or 90^ 
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(20) tan*^ + 4sin«^=3, 

1 - COS^d + 4 C08*d - 4 COB*^ = 3 cos*d, 

4co8*d=l; 
/. one value of cos^ ^TTi' ®'» ^~ ^** 



Examples— XXV. (p. 8i). 
1) sin480**=sm(360° + 120°)=8ml20°=8in60'*=-~^ 



( 



1 



2) cos480° = 008(360" + 120**) = cofll20° = - oos60° = - "g ' 

3) Bin495'' « sm(360° + 136") « 8ml35° = 8in45° « 4^ • 



4) 008496° « 008(360° + 136") = C08l35" = - cos45" = - ^ 



72- 



6) sin870" = 8in(720" + 150") = 8inl60" = 8in30" = i- . 



6) co8870"=cos(720" + 160'')=cosl60"= -00830"= --^• 

7) sin945"=8in(720" + 226")=sm226"» -Bm45"= -4^- 

8) 8m960" = 8in(720" + 240") - 8in240" = - 8in60" = - "^ * 

9) tanl020"=tan(720" + 300")=tan300"=-tan60"==- ^3. 

0) oo8ecl380"=oo8ec(1080" + 300")==co8ec300°= - co8ec60"= - -^ 



(11) 8601396" =860(1080" + 315") « 860316"= 80046" « J% 

(12) ootl410" = oot(1080" + 330°) = oot330° = - oot30" = - ^3. 
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(13) co8420'=coB(360° + 60°)=oo860"=-i-- 

(14) sec760° = sec(720'* + 30') = 86030" = \ . 

V3 

(15) tan945'*= tan(720" + 226")=tan226'*= tan45*= 1. 

(16) sinl200'* = Bin(1080'+ 120') = sml20°=sin60°=^. 

(17) Bml485'=: Bm(1440' + 45') = Bm45'=42 . 

(18) coBl470'=cos(1440V30')=co830'=^. 

(19) 8m77r = Bm(6fr + tt) = Binir = 0. 

(20) 8ec8ir=Bec27r=l. 

(21) coflec930' « coBec(720' + 2 10') = coBec210' « - coBec30' = - 2. 

(22) cotll40'=cot(1080' + 60') =cot60'=-^. 

(23) tanl305' = ta2i(1080' + 225') = tan225' = tan45' = 1. 

(24) cosecl740'=cosec(1440' + 300')=cosec300'=» -coflec60'« --f. 

(25) 8in( - 240') = - 8m240' = - Bm( - 60') = Bm60' « -^ . 

(26) cot( - 675') = cot(720' - 675') = cot45' = 1. 

(27) 8ec( - 135') = - Bec(180' - 135') = - Bec45'- - ^% 

(28) tan(-225')=tan(360'-225')=taiil35'= -ta2i45**=« - 1. 

(29) coBec( - 690') = cosec(720' - 690') = cosec30' «= 2. 

(30) cos( - 120') =« C08120' « - cos60' = - -^ ' 



44 KEY TO ELEMENTARY TRIGONOMETRY, 



Examples— XXVI. (p. 82). 

(1) sin^=l ; .-.one value of ^ is y ; 

.'. general value of ^ is 7wr + (-l) .— . 

(2) cos^= 1 ; /. one value of ^ is ; 

.*. general value of ^ is 2iMr. 

(3) sin^=-y2 ; .*. one value of ^ is -j ; 

/. general value of ^ is mr + (- 1) .— . 

4 

(4) tm6= jJZ ; .•. one value of ^ is — ; 
.'. general value of ^ is rwr + — . 

(5) 3sind=2cos2d 
3sin^=2(l- sin«^) 

sin^^ + Y 8in^=l 

(sind)+|)'=±A,or,sind=lor -2 
/. least positive value of ^ is — ; 



* n 



.*. general value of tf is wir+ ( - 1) .— . 

6 

(6) 2sin^=tan^, r 

^ . ^ sind 

/. sind=0, or, cos^=-2- ; 

.'. general value of ^ is wtt or 2nir±^ . 

3 
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(7) tan«d+4sin2^=-3, 

Bin*^ + 4 Bin*^ . cos*^=3 cos«^, 
•in*^ + 4 8in«^ - 4 8in*^=3 - 3 ain*^, 
48m*^-8 8m«^=-3, 

8m*^-2 8m«^ + l-i-, 

4 

8m«tf-l=±4-. 
2 



Hence 8in^= ±y^|- or± ^2 J 



.*. least positiye yalue of ^ is -^ ; 

4 



* TT 



/. general value of ^ is rMr + ( - 1) .— 



(8) co8«-8in«^, 

008*^=1 -COS*^, 

2 cos*^=l, and /. cos^» ± 



fl* Sir 

/. the least positiye yalues of ^ are — and -j- ; 

.*. the general yalue of ^ is 2nn'± — or 27ifr±~^ . 



(9) tan^=4-3cot^, 

tan*d-4tan^=-3, 

tan^«3 or 1 ; 

/. the least positiye yalue of ^ is -^ ; 
/. general yalue of ^ is rwr +~ . 
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(10) sec2^— |.8ec^ + l=0, 
94 6 ^ 25 9 

8ec^-A = ±|.; 
4 4 

.*. sec^=2 or-i-' 

2 \ 

Taking the value 2 for sec^ (the other value being impossible) 
the general value of ^ is 2n9r ± -tt • 



Examples— XXVII. (p. 87). 

(1) 
8in(-4 + ^).8in(^ - 5) = (siuil.co&B + cos-4.sin5).(sin-4.cos5 - cos-4.sinB) 

■= sinM. cos'£ — co8*-4. sin*B 

=8in«^(l -sin«5) - (1 -sin^^) sin^B 

=sin'^ — sin^B. 

(2) 
sin(a+/3) . sin(a-i3)=sina . oos/3 + cosa. sinjS) (sina. cos/9 - cosa . sin/S) 

=s sin'a . cos*i3 - cos*a . sin'jS 

s= (1 - cos'a)cos^^ - co8^a(l - cos'^) 

=cos*i3-cos'a. 

(3) 
cos(^ + ^.C08(^ -B)^ (co8^.cos£ - sin^.sin£) (cos£. co&B + sin^lsinf) 

« 008^-4 . cos*B - sin'^ . sin'5 
« cos'*-4(l - 8in*B)^ (1 - cos'-4)sin*5 
■=cos*^-sin*A 

(4) 
co8(a + 0) . cos(a - /3) s= (cosa . cosjS - sina . sinjS) (oosa . cosjS + sina . sinjS) 

= cos'a . cos'jS - sin^a . sin'jS 
« (1 - sin*a)cos*i3 - sin^a^ - cos^jS) 
■■cos^^-sin'o. 



^ 



4 
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(5) 
2 8m(x + y) . C08(a - y) = 2(sinx . (X)sy + cosa . siny) . (coBX . cxwy + sinx . ainy) 

= 2{siiix . cosa; . cos^ + sin^ . cosy . siny + cos^c . siny . cosy + 

siox . coax . sin^} 

= 2{smx . 006x(c06^ + sin'y) + siny . cosy (sin'a; + coarse)} 

s2{siiix . cosx + siny . cosy} 

a (sinx . C06X + cosx . sinx) + (siny . cosy + cosy . siny) 

= sin(x + xf^r sih(y + y) 

=sin2x+sinS 



(6) , 

2 oos(x + y) . sin(x - y) = 2(co8x . cosy - sinx . siny). (sinx . cosy - cosx . siny) 

= 2{sinx . c^ . cos^ - siny . cosy . oos^ - siny . cosy . un^ + 

sinx . cosx . sin^} 

= 2{sinx . cosx . (cos'y + sin^) - siny . cosy . (cos^c + sin%5)} 

=2{sinx . cosx - siny . cosy} 

= (sinx . oosx+cosx . sinx) — (siny . cosy + cosy . siny) 

«sin2x-^in2y. 



* COSil co&o 



inJ. . cosjB + co&i . sini? 



sin 



coSui.co&B 

sin(^4-^ 
cosJL.oo&B* 



(8) tona-toii/9=— -^ 



sina . cos0-cosa . sin^S 
cosa.cos/3 

sin(a-g) 
co6a.ooef/3* 
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EXAMPLBS— XXVIII. (p. 88). 

(1) sml5'*=sin(46**-30'') 

=sm45'* . COB30' - cos45° . sm30° 

V2 * 2 ^ ' 2 

^ a/3 1 ^ V3---l 

2^2 2^2 2V2 

(2) 00876" =cofl(46* + 30°) 

= C0845'* . COS30' - sm45** . sinSO*' 

1 jj^ 1_ 2 

""^" 2 V2' 2 

^ V3 1 ^ ^3-1 
2/v/2 a^ 2V2 

(3) taii76''=tan(46** + 30') 

= sm(46° + 30°) -^ cos(45** + 30") 

a/3 + 1 . V3-1 
" 2^2 • 2V2 

V3 + l _ (V3 + l)« ^ 4 + 2V 3^ 
V3-1 (V3-1)(V3 + 1) 3-1 ^'^'^^' 

(4) cot75'=coB75"-rsm75'' 

- co8(45" + 30*) ^sin(46° + 30°) 

V3-1 . ^3 + 1 ^ ^3-1 
2V2 • 2V2 /v/3+1 

(V3-l)« ^ 4-2V3 _ , 
(V3 + 1)(V3-1)"" 3-1 ""^ '^'*' 

(5) If Bino^-g-, cosa«-^ = -|^. 
If8inj3«|-, cos^-- ^; 
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(6) If cosa=-j-, sino=-^- 

Ifco8i3=-r-, 8iD/9=-~— • 
5 

^ '^^4646 20 

(7) Ksmo = '5=-^, cosa=-^. 

, „, V3 1 1 1 JZ-X 
••• ««(»+« = %- • 72-2" • 72= 2V2- 

(8) Ifcos«=-OS=^, 8ina=^^. 

If8in^=i-, cobP=-^; 

, „ 1 V3 , V899 1 V3 + V899 



EzAUPLES— XXIX. (p. 88). 

(1) C08(90° + A)== COS90'. cos^ - sin90'. siii^ 

=0 . cos^ - 1 . sin A = - siiL4. 

(2) sin(180° + A)=- sml80°. cjos^ + cosl80°. siii^ 

=0 . cos-4 - 1 . sinA = - sinJ.. 

(3) cos(7r + 0) = cosTT . cos^ - sinw . smS 

= ~ 1 . cobB - . smd= — cos^. 

(4) Bm(-^+ ^j=sin-^ • cos^ + cos-^ • sind 

= - 1 . cos^ + . Bm^= - cos^. 
D 
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(5) 



C08ec(f +a)= I 



sin-^ • cosa + cos-^ • sina 



1 . cosa + . sina cosa 



1 
= =seca. 



,«v . , V sin(7r + o) . cosa - 1 . sina -sina . 

(6) tan(7r + a) = — \ ( = — ^ — -. — = =tana. 

^ ' cos(7r + a) - 1 . coso - . sino - cosa 

(7) 8m(27r-^) = sin27r.cos^-cos27r.sind 

=0 . cos^ - 1 . sm^= - sind. 

/o\ X fa A\ sin(27r-d) . cosd - 1 . sind -sind , - 

(8) M2^-^)°eoJ2;^= l.cosg+0.smfl =15^°-^°^- 

(9) sec(180° - 0) ^ ^^^l^. _ ^^ = _ ^ ^ J^ ^ ^.^g = -^= -.ec0. 

1 11 

(10) cosec(7r -6)= ^—, ^ = ;r ^ — -, — - — r-^r = -r-^ = cosec^. 

^ ' ^ ' siii(7r -G) . cosd - ( - 1 . sin^) sin^ 



Examples— XXX, (p. 89). 

(1) sind-cosd=0. 

sind.-J^-.cos^.-^=0 

sin^ . cos45* - cos^ . sm45*'=0 ; 

.*. siii(^-45°) = 0, /. ^-45*=0°, or ^==45°. 

(2) sind + cosd=l 
sind . — _ + cosd. ^ 



V2 V2 V2' 

sin^ . cos45° + cos^ . sin45°=— 75 ; 

/. sin(^ + 45°)=sin45'*; 
.-. ^ + 45° = 45", or, ^=0". 
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(3) sin^-cosd=^^ 

.\ sm(^-45")=sin60°; 
.-. d-45°=60°, or, ^=105°. 



(4) sm^ + cosd= 



V3 + 1 



sin^. -^ + 003^.4.= V3 + 1 

8iii(^ + 45*') = sin75^ whence ^=30°, or, 
cos(^- 45°) =00815**, whence ^=60°, or, 
cos(45° - d) = cosl5°, whence ^= - 30°. 

(5) sin^ + cos^=V2 
sin^.^+cos^.^^1 

sin(^ + 45°)=sin90°, or, ^=45°. 

(6) sind-cosd=J^^^Ill 

2 

sin(d - 45°) = sinl5°, whence B = 60°. . 



Examples — XXXI. (p. 92). 

(1) sine^ + sin4^ = 2 sin^A+M . coa^^ " ^^ = 2 sin5^ . cos^. 

(2) sin5^ - sm3^ = 2cosM+M . sin ^^ T ^^ = 2 co84^ . sin^. 

^ 2 

(3) cos7^ + cos9^ = 2cos^^±^ . cos?^^ = 2cos8(9 . cos^. 

(4) cos^ - cos5^ = 2sin^±5^ . sin^^ = 2 sin3^ . sin2a 
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(5) sina + 8m4a=2 sin — - — cos — ^— =2 sin-^- • cos—- 

/«N e o o • 5a + 8a . 8a — 5a _ . 13o , 3a 

(6) cosoa - cos8a=2sin — - — . sin — ^ — = 2 sin-^r- • sin— • 

(7) 2 sin5^ . cos7d = sm(5d + 7^ - sin(7^ - 5^ = sml2^ - sin2^. 

(8) 2 sin3d . sinS^ = cos(5^ - 3^) - cos(5^ + Z6) = cos2d - cos8d. 

(9) 2 cosa . cos4a =cos(a + 4a) + C08(4a - o) = cos5a + cos3a. 

(10) 2 cosa . 8in2 a = sin(a + 2a) + sin(2a - a) = sin3a + sino. 

. „ . A^B A-B . ^ + 5 

. . . T, 2sin — ^r cos — ^r— sin — ■=-— . _ 

.,,v smJjfjmJB 2 2 L«.-f A-\-B 

^ ^cosJ. + cos5""« A^B JTS~ A-^rB^^^ 2 * 

2cos — ^ ^^^ — o~ ^s — 9 — 

/. gx cos J^ - co83^ _ 2 8in2 J^ . sin J _ sin2 -^ _ ^ gj 
sin3J. - sin J. ~ 2 cos2^ . sinJ. cos2^ 

„ . 3^ A .3^ 

' ry A • J 2 sin-rr- • cos-TT- sin-^ ^ j 

,,^v sin2^+sin^ 2 2 2___. 3J. 

^^'^^SSs2:i + cos^"; 33 T" 3^ ""'^2 * 

2 cos— • cos— cos— 

(14) co8(30°-tf)-cos(30'' + d)=2sii)i^suid:«2xl.smfl=sinA 

(15) cos(-^ + ^ j +cos[^""^)=2 cosy • cosd=2 x — .cos^=cos^. 

(16) sin(^ + a )-sin(-— -aj=2cos-^ •sina=2x — •sina=sina. 

^ a + fi . a — fl + /3 

. ^ 2cos— ^-sm-^ cos— 5— ^ 

/, ,-v sina - sini3 _ 2 2 _ 2 ^^^ ^-^9 

cos/3 - cosa . . a + p .o-/3 .o + 2 

^ 2sin— ^'Sin^^ ®"^~2~ 
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^ a+B . a—B . a—B 
. a 2 cos— TT^ • sin— ^r— sm— 7i— ^ 

/, ox sina - smp 2 2 2 . a — p 

(18) — ^ -= a Q = ' a =^^—7r^' 

COS^ + cosa ^ a + 3 a-3 a-fi 2 

2 cos— ^ • cos— ^ cos— ^ 

/,qn sin5^ + sinS^ _ 2 sin4^ . co8^ _ co8^ _ ^ 
^ '^ cos3^-cos5^"'2 sin4^ . sin^~sin^""^^^ ' 

^ 2cos— ^-cos— ^ cos— TT" sin— ^ cot— ~- 
/gQX cosa + cos/3 ^ 2 2 _ 2 . 2 2 

COS/3-cosa~„ . a + /3 . a-fi . a + i3 * a-^ " o-^' 
2 s m ■ • sm— ^ sm— ^ cos— ^— tan— ^ 

^ ^ ^ <a <a 



Examples— XXXII. (p. 93). 
(1) 
mo-cosi3=sina-sin^-^-j3j=2cos--(a + ^-3ysm-U 



suia 



(2) 

sin( -Q + a J + cosf — - a J = sinf -„■ + «)+ sina= 2 sin(-j + a ) • cos-^ 

(3) sino + cosa=sina + sinj — - a) = 2 sin-^ • cos( a - — ) ^ 

(4) sina-cosa=sina-sin( — — a)=2cos-j- •sin/o--^)* 

(5) sinSO" + cos80° = sin30° + sinlO° = 2 sin20°. coslO°. 

(6) sm20° - cos80° = sin20° - sinlO° = 2 cosl5°. sin5°. 

(7) sm— + cos-^ =sm— + sm— = 2 sin— • cos— • 

4 6 4 3 24 24 

(8) sm-- cos-g-sm-- sin- =2 cos— • sm^jj- 
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Examples— XXXIII. (p. 96). 

sing sinjS sina . C08/3 + cosa . siDi3 
/, N tana + tan/S _ cosa cos/S _ cosa » cos^ 



cota + cotjS cosa cos/3 cosaTsmp + sinoTcosp 

■ -U . ■■ ■■■■ . — ■ 

sina sin/3 sina . sinj3 

sina . sin/3 ^ .a 

*= 3= tana . tan/3. 

cosa . cos/3 



sina sin/3 sina . co8/3 + cosa . sin/3 
/gv tana + tan/3 cosa cos^ cosa^ cos/3 



cota -tan/3 cosa sin/3 cosa . cosff - sina . sm/3 
sina cos/3 sina . cos/3 

sin(a + /3) .sina. cos/3 . / . ^v , 

" — / ■ ' . m i=»tan(a + ^) . tano. 

cos(a + /3) . cosa . cos/3 "^ ' 

sina sin/3 sina . cos/3 -cosa . sinff 
/„v tana - tan /3 _ cosa cos^ _ cosa . cos/3 



cota + tan/3 cosa sinff cosa . cos/3 + sina . sin/3 
sina cos/3 sina . cos/3 

^8in(a-g). sing. coBfl ^ ^ ^^ 
cos(o - /3) . cosa . cos/3 ^ ^ 

(4) tan'P-l^+tan!^* ^^^ 

cos ^ ^ oos ^ ^ 

. <t + v^ ^^-"^ . + v^ . ^-1/^ 
sin ^ ^ ^ • coB ^ ^ ^ + cos ^ ^ ^ • sm ^ ' 
2 2 ^*'"'' .2 2 

cos ^ - ■ • cos ^ ^ 

J^\ 2 ^ 2 / .„ 8in0 ^ 2sin<^ 

1/ j.^iv 1a .. i\ cosd) + cosV'' 
y(cos9 + cosy) -^-Ccofl^ + cosy) ^ ^ 
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(5) sin^ = Biii{^ + (^ - '^)} =sin^ . cos(^ - '^) + cos^ . fiiii(^ - '^). 

(6) cos<^ = cos{(^ + V^) - "^l = C08(<^ + ^) . cos^ + sm(<^ + ^) . sini/r. 

(7) (cosa + cos/3) {1 - C08(a + )3)} = (cosa + cos)3) (1 - cosa.cosi3 + 8ina.sin)3) 
=cosa +<30Sj3 — cos^a. cos/3 - cosa.oos^/3 + siiia.8iD/3.cosa + sina sin/3.cos/3 
= cosa(l - cos*/3) + cos/3 (1 - cos^o) + sina . sin/3 . coso + sina . sin/3 . cos/3 

= cosa , sin^/S + cos/3 . sin'a + sina . sin/3 . cosa + sino . sin^ . cos/3 

= sin^(cosa . sin/3) + 8Lno(cos/3 . sina) + sina(sin^ . cosa) + sin/3, (sina . cos/3) 

= sin/3 . (cosa . sin/3 + sina . cos/3) + sina(cos/3 . sina . + sin/3 . cosa) 

=sBin)3. sin(a + /3) + sina. sin(a + /3) 

= (sina + sinjS) . sin(a + ^). 



(8) 

sina + sinS sma + sHi)3 _ . a + /3 a-fl 

2 sm ^ • COS— ;e- 



^ a + ^ + /3 

2 cos— TT- COS— TT- 



_ a-/3 a-^ 

2cos— g^ cos — -— 



(9) 

. , , ^. sinl — jr- + — „-- ) sm— zr^-cos— 2r- + cos— z^^-sin— s-^ 
sm(a + /3) \ 2 2 / _ 2 2 2 2 

8ina-sin/3 sma-sin)3 « a+/3 . a-/3 

Scos-g^.sm-^ 

_ . a + /3 . a + /3 
2 sm— =^ sm- 



2 



a . a--/3 . a-/3 
2Bm-2^ sm-g^ 



56 KEY TO ELEMENTARY TRIGONOMETRY, 



a + iS a-Q 

,0 a COS— ^5— COS— ^r— 

(Id) COt-gt: + COt-^=: -T> + 2? 

2 2 . a + p . a-a 

sm — :r^ sm — 77- 
2 2 

a + /3 . a — B . a — i3 . a + B 
COS ^ • sm— TT^ + COS— TT- • sm— rr- 



. a+B . a—B 
sm — -^ • sm-^r^ 



. /a + /3 , a-/3\ 
H"T"^-2^j 



sina 2 sina 



1/ a X I/O \ cosiS-cosa 

"o (COSp - COSa) -a (COSp - COSa) 



. a + p . a-iS 

/n\ X « + P J. a-p 2 2 

(11) tan— ^- tan— ^= 



2 2 a + p a-P 

cos— ;r- COS — ;r^ 



. a + B a — B a + B . a — B 

Sin—— . COS - cos— ^ • sm— ^ 

^ ^ Jb ^ 



a + P a-P 
cos — -^ • cos ^ 



^{"^-'-^ 

1 , ^. 1 , . o\ cosa + cos^ 

-^(cosa + cosjS) -^-(cosa + cosiS) 



sin^ 2 siniS 



_ . P + a , p-a 
r. 2 sm^— ;r* • s m ^ ■ ^ . 
,,^. COSa-cosiS 2 2 ^ p-a 

(12) -; --r-^= Q . Q =tan^--tr- 

^ * smo+sin^ „ . p + a B-a 2 

ji sm — ^ • coEf — ^ — 



. ^. ^^ ^ cosB sma cosa . cos^ - sma . sm^ cos(a + 3) 

(13) cot^-tana=-:-5 = — r-^ -= — ^ . ^ - 

^ ^ smp cosa cosa.smp cosa.smp 

/, -N x>i X J cos^ sin6 cos^ . cos6 + sin^ . sin6 cos(<b-ff) 

(14) cot^ + tan<p=-^— ^ + — f= ^-5 r ^= . ^^ — 4 

^ ^ ^ smd C0S9 sm&.cos9 smd.cos9 
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(16) tan^a - tan»/3=?^ - gj^^„ «in'°-cos'^-cos'a.sm»^ 
^ ' cos^a cos^p cos-^a . cos^p 

_ (sing . cos/3 + cosa . sing) (sing . cos/3 - cosa . sinjS) 

cos^a . cos^/S 

_ sin(a + /3) . sin (a - /3) 

~~ cos^a . cos'^/3 

/i/»\ 1 . X X o 1 . sina.sini3 cosa.cos/3 + sina.sini3 cos(g-/3) 

(16) l+tana.tanp=l + 5= ^^ s ^= — ^^ — ^• 

cosg.cosp cosg.cosp cosg. cos/3 

(17) 1 - tanff . tanj? - 1 - ^^°° ' ^^°^ - ^^^^ ' ^^'^ " ^^°° • ^^"^ 

cosg . cos/3 cosg . cos/3 

cos(g + /3) 

^^5 ^— -^ ■■■■ • 

cosg . cos/3 

cosg sin/3 cosg . cos/3 + sing . sin/3 

r^«x cotg + tan/3 _ sing cos/3 sing . co8/3 

tang + cotg sing cos/3 "" sing . sin/3 + cosg . cos/3 

cosg sing cosg . sin/3 

cosg . sing ^ ^ ^ 
=cota. tan/3. 



sing . cosg 



sin^g; sin^i/ 



(19) 



tan^a; - tan^ cos^ cos^ __ sin^j; . cos^i/ - cos^oj . sin^ 
1 - tan^ . tan^ "* ^ sin'^a; . sii?y "" cos%; . cos^ - sin^ . sin^ 



cos^a; . cos^y 



_ (sina; . cosy + cosa; . siny) (sina; . cosy ~ cosa; . siny) 
~^ (cosx . cosy + sinx . siny) (cosa; . cosy - sina; . siny) 

sin(a; + y) .sin(a;-y) . , . x . / n 

= — 7 — —. 7 — ^ = tan(x + u) , t&nCx - v), 

co8(a; — y).cos(a; + y) ^ ^^^ \ if/ 

(20) coUM 45°)- ^^^+^°^ '^^^•V2-"°^-V2 cosO-BinO 
^ •* ^ '' sm(fl+45"') .^1, a 1 sin« + cosd 

smO.-^ + cosO-^ 

cos^ 

sin^ cot^~l 

" cos^ ~ cot^ + 1 

AT. M 
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(21) sin^ + cosd = V2 . UmB • -j^ + cos^ • ^\ = ^2 . sin(45" + d). 

(22) cos^^8ind=V2^(»fl^~-sind~)=V2.sin('^-^V . 

sina siniS 
/o«N tana - taii/3 _ cosa""co8ff _ sina . cosg - cosa . sin/ S _ si n(a - jS) 
tano + tanjS ~" sino sinjS "~ sina . cos/3 + cosa . sin/S "" sin (a + /3) 
cosa cos/3 

cosa; cosy 

/24> CQ^ "- coty sinx siny _ cosag . siny - sino; . cosy _ sin (y - as ) 

cota + coty cosa; cosy cosx . siny + sino; . cosy sin(y + a;) 

sino; siny 

(25) co8(^ - £) + sin(^ + £) = cos(^ - £) + cos(90° - ^ - J5) 

= 2 cos(45° - J5> . 008(45** - A) 
= 2 QOs(B - 45°) . 8in(45° + A). 

(26) cos(^ - J5) - 8in(^ + 5) = 8in(90° - A^B) - 8in(^ + B) 

=2 cos(45° + B) . sin(46° - A), 

(27) cos(^ + B) + sin(^ - B) = cos(ui + J5) + co8(90° -A-^B) 

«2 co8(45" + J5) . cos(45° - A) 
=2 co8(46° + B) . sin(45° + A). 

(28) co8( J + J5) - 8in(^ - J5) = 8in(90° - ui - J5) - 8in(^ - B) . 

-*2 cos(45° - B) . sin(45° - A), 

/ogN cosa + cosjS cosa + cos^S 



cosa — cos/3 — (cos/3 - cosa) 



- a + /3 a - /3 o + /3 

2 cos ^ ■ . cos— ^ cot ' 



« . a+ /3 . a — /3 . a-/3 

2 sin— ~- . sill— o^ **^~2 

(30) sec72*-8ec36' 1 ^ 1 ^co836:::_co872; 

Vov; Bco/^ ci.ou ^^^^ — ^ C0S72°. COS36" 

2 8in54*. sinl8° « 
" 8iniy.8in54° °^^'°»^^^ • 
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(31) (flin81° + sm9')(sm81°-8in9°) 

= (2 sin45^ cos36°) . (2 co845°. sm36°) 

«= 2 • -75 • sin54°. 2 • -^- 00854** 

>=2 8in54°.oos54*' 
=8inl08°. 

,^^, 0083° - 00833° _ 2 sinlS". 8inl5° _^ 
^^^^ 8in3° + 8m33°""2 8inl8°. C08l5°"**^^^ ' 

8in33* + 8m3° 2 8iDl8°. 0O8l5° « 

^^^ 00833° + 0083° "2 00818". 00815°""^^ " 

, ,oos9° + 8in9° sin8 1° + sin9° _ 2 sm45°. oos36° _ ^^^„ ^ ^^^- 
(^) 0089° - 8in9°"sm81° -sm9°"2 oo845°. sin36° ""^^^ =*^^^ ' 

00827° - 8in27° _ 8in63° - sin27° ^ 2 oos45°. 8inl8° _ 
(^^^ 00827° + sm27°""sin63° + 8in27° 2 8m45°. 0O8l8° *^^® ' 

(36) taii50° + cot60° « tan50° + tan40' 

8in50°. 00840° + co850'. 8in40' sin90° 



00850°. oos40° J{oos90° + oofllO°} 

2 sin90° • 2 



OOSlO° 00810' 



1=2 seolO*. 



ExAMPLKs— XXXIV. (p. 100). 

2oot^ _ 2oo8J 
l + oot^-4"~ooseo*-4"~ sul4 



2 oot^ 2 oot^ 2 008^ 
(1) TT7:;;i^'=7^::i^srA^-^;rT ' sm2^«2oos^.sin^=:sm2^. 



Bm2A cobA _ 2 8in^ . 003 J. cosJ _ smA 

^ ^ 1+OOS2J> 1 + 008-4"" 2 008^-4 1 + 008-4 ""1+008-4 

A A 
2 Bin-^ . 008— ^ 

■B J ■■ =« tan"©" • 

2 008*^ 
,1 008^ 1+008^ ^^ 2 ^^ 

(3) cosec^ + coa^g^+g^=-g;;2-=' ^ ..^ ^"^^2" 

2 sin-g- • cos-^ 
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(21) sin^ + co8^= V2 Ysin^ ~ + cos^ • 4^) = V2 . Bm(46" + G), 

(22) cos^-sm^=V2/(»fl^~-sind.^)=V2.8m(-^-^V . 

sina sii)/3 

/goN tana - taii/3 _ cosa cosff _ sina . cosjS - cosa . sin ff _ sin(a — jS ) 

tana + tan/3 ~ sino sin/S "~ sina . cos/3 + cosa. sin/3 "~ sin (o + /3) 

cosa cos^ 

cosac cost/ 

/O.V cotag - coty sina; siny _ cosa; . siny ~ sina; . cosy_ 8in(y--a; ) 

cota + coty coaz cosy cosx . siny + sina; . cosy sin(y + a;) 

sina; siny 

(25) cofl(^ - £) + sin( J. + J5) = cos(^ - 5) + cos(90° -A-B) 

=2 C08(45°,- B) . cos(45* - A) 
= 2 QOs(B - 45°) . sin(45° + A\ 

(26) cos(^ - J5) - sin(^ + 5) = sin(90° - A-^'B) - sin( J[ + B) 

= 2 cos(45° + B) . sin(45" - A). 

(27) cos( Jl + £) + sin(^ - JB) = cos(-4 +B) + cos(90° -A + B) 

«2 cos(45* + B) . cos(45° - A) 
=2 cos(45°+JB) . sin(45° + J). 

(28) cos( J + J5) - sin(^ - J5) = 8in(90° - ui - 5) - sin(ui - J5) . 

-*2 co8(45° - B) . sin(45° - A). 

/ggv cosa + cosjS cosa + cos/S 



cosa — 008)3 — (cos/3 - cosa) 



^ a+j3 a-iS .ci+)3 

2 cos ^ ■ . cos— TT^ cot- 



2 



2 sin ^ - . sin— ^ tan— ;r^ 



(30) 8ec72'-8ec36« ^ 1 ^co836°-coa72° 

^ ' cos72° cos36 cos72.cos36 



2 8m64°. 8inl8° „ 
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(31) (flin81'' + 8m9')(sin81"-sm9') 

= (2 sin45". cos36°) . (2 co845°. sin36°) 

s= 2 • -T^ • sm54°. 2 • -^5- 00854** 

E=2 8in54°.oos54° 
=8inl08°. 

,^^, C083°-C0833° _ 2 8inl8°. sml5° _^ 

^^^^ 8in3'+ sm33''"2 sinlS'. C08l5^""'^^^ " 

sin33' + 8in3^ ^ 2 8iDl8°. C08l5° p 

(^^ COS33' + 0083" 2 CO8I8". C08l5''"~ * 

,. , cos9° + 8i n9° _ 8m81° + 8in9° _ 2 sm45°. co836° _ „ 

(^) C0S9'' - 8m9''^sm8r -sin9''""2 cos46^ sm36' "^^^ =*^^^ • 

C0327°-8in27° _ 8in63°-sm27° ^ 2 cos45°. sinl8° _ 
(^^ C0S27*' + 8iii27' "" sin63' + sin27' 2 sm45°. C08l8° "" *^^® • 

(36) taii50° + cot50* « tanSO* + tan40' 

sin50°. 00840** + co860'. sm40' sin90* 



00850". 00840° ^{00890° + 008IO"} 

2 8m90° 2 



OOSlO" 00810' 



i=2 80010". 



Examples— XXXIV. (p. 100). 
, . 2oot^ 2cotJ. 2oosJ. . o. ^ , . , . . 

(^) l + OOt2^=^S5S^?3^"SX '^"^^="2 008^.8111^ = 81112^ 

sin2J[ 008 J[ _ 2 8inJL . 008 J. 008J _ sinJL 

^ -^ 1 + 00S2^ 1 + 008-4"" 2 008^-4 r+COsZ"^ 1 + 008-4 

28m-. 008^ ^ 

2 008^ 

, ^, 1 coai 1 + oos^ ^*^ 2 ,^ 

(3) co8ecl+ooU=g^+g^=-^g3-=- ^ ^^ °'°*"2 

2 Biny • «»^ 
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(4) 

^ ^ ,- sin^ cos^ sin^^ + cos^^ 1 

tand + cot^= — ;i + -T-7i= 



cosd sind sin^.cos^ sin^.cosd 2sin^.cos^ sm2d 

2 — 

(5) =—-7 — 5^= a^ = ^ • cos*d=2 sind . cos^=sin2^. 

1 + tan^^ sec^^ cos^ 



(6) 2 co8ec2^ =^^^ = 9 .m >< .n«>< =cosec^ » «eai> 



(7) ^_Z*?5!^=_£2^=.<^oj^^^ 



/gx 2 sec2^ cos2^ 2 _ 2 _ 2- 

^ \ l + sec2^ 1 cos2^+l""2cos2^""®®^ 

14 



(9) 



cos 2^ 

1 ~ tan^ _ cos J[ - sin^ _ cos^^ ~ sinM 1-2 sin^ Jl 
1 + tanJ. "" cos-4 + sin J. ~" (cos J. + sin J.)^ ""1 + sin2 J. 



/,rxN .>t « «^ cos^ 2co82^ cos^ cos2d 
(10) cot^-2cot2^=--^-^£2^ =SS-slE?:^3i5- 

_ cos^^ - cos2^ ^ cos^^ - 2 ,eos^^ + 1 ^ sin^^ _ 
~sm3Tcos3~™ sin^ . cos^ sin^ . cos^ ^ * 



, 2sin2-Tr sin-2r 

/„x 1 — cosa 2 2 . a 

Bino ft . a a a 2 

2 srn-^- • cos— C0S-5- 

M A tL 

.,ov 2V(cosec20-l) 2.cot<f) 2.cosd>.8in2<f> ^. ^ , . ^, 

^^^^ cosec'<^ =c-S^= -^^«2sm<^.cos<^=sm2<^. 

, 2— sec^d) 



cosa. 
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2 cot<^ 2 co8<^ . siD<^ sm2<^ -f nngrfe 
^^^^ cot2<^ - 1 ~cos2(^ - 8m2<^'"cos2<^""^'^'^- 

/,^x //sec2o-l\ //l-cos2o\ //I - 1 + 2 sin^aX 

/,«N //sec2a + l\ //l + cos2a\ //l + 2cos2a-l\ 
<16) V \J^ -V 1^2—) ° V ( 2 ) = 

/,^x o ^« l-cos2a 2sin2a , 

(17) cosec2a - cot2a =-— t-^ — = ^r-r- — -—- = tano. 
^ ' 8m2a 2 sina . cosa 

.«« 1 + COS2/3 2C082/3 .^ 

(18) co«ec2^ + cot2^=-lS2^=2iE^7^=<^<>*^- 

tan45** + tanJ. 1+tanJl cos-4 + sinJ[ 
(19)tan(45 +^) = i _ tan45^ taiLl'^l-taiLi^c^^'^^^^SJ 

cos^J. - sin^JL cos2 J[ 



(cos A — sin-A)* 1 - sinSJl 

, o .X "l 1 1+tanA 

(20) cot(45 -^)=toii(45°~A)'= tan45°^tani" =r::to^ 

1 + tan45°. taiL4. 
^ cosA + smA ^ (cosA + sinA)g ^l + sin2J._^^^g^ ^^^^^ 
cosA - msA cos^A - sin^ J. cos2-4 

, . . cos^-zr + sin*— + 2 sin— • cos-^ - 

(21) 1±E5?=_2 2 2 2 ^ 1 ^ 1 ,a a 

^ '^l + coso o 2« 2 2 2 2 

2cos^ 



4(l + tan»| + 2tanf)=l(l + ta.|) 



2 



, . cos^— + sm2— -2sm-^-cos-^ i ^ i 
/oo\ 1 - sino 2 2 2 2 1 2 « . 1 ^^i. « 

1 -COSO o • 2** A Ji J, L 

2sm^ 
4(cot»±.l-2cot|)=l(cot|-iy. 
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(23) tan^ + i-taiid.sec2|-= — 4 + 



\ 



cos— 2 COS ^ . cos^ 

B B 
2 cosd . cos-g- • sin— + sind cosd . sind + gin^ 

2 COsd . COS*-x- 2 C09^ . cos*-^ 

Q 

sin^(cos^ + 1 ) sin^ . 2 cos^— 

= ^= J =tan^ 

2 cos ^ . cos^— - 2 cosd . cos^ -^ 

A A 

r25^ 1 - tan«(45° - Jl) _ co8'(45° - J ) - sin^(45° - A) 
^ ^ l + tan2(45*'-^) cos2(45*' - ^) + sm=^(45° - ^) 

= ^5^?^^^:^ = cos(90° - 2^) =sin2X 

* /^ . /i\ * /^ a\ 1 + tan^ 1-tan^ 
' " /- V 1 + tand I-tand 



tan(|..).ta.(^-.) ^J. 



tand 1 + tan^ 

1 + 2 tan ^ + tan^^-l<H2tan^-tan'^ 

1 +2 taii^ + tan2^+ 1 -2 tand + tan2^ 

4 tan^ 2 tand 



2 + 2tan2^ l + tan^tf 



= 2 sin^ . cos^=sm2^. 



1. (1) 



Examples— XXXV. (p. 103). 

cos3^ - sin3^ ^ 4 cos^^ - 3 cos^ - 3 si n^ + 4 sin^d 
sin^ + cos^ "" sin^ + cos^ 

^ 4(sin3^ + cos^^ - 3(sm^ + cos^) 

ain^ + cos^ 
=4(sin2d - sin^ . cos^ + cos^^) - 3 
= 1-4 sin^ . cos^= 1-2 sin2^. 



I 
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,-,% 2 tanfl + sectf 2tand + secd „ „ „^ , . „« 

~r+ta^5~~ gec'tf =2tanftcos'fl + cosfli=sm2e + co8P- 

(3) tan4 + 2 sin^cot^ =sin4 ^ ~3 "^ ^ *"''2 ' SZ t 



2 2 



2|cos^ 






^ "^ cot^ - cot3 J. tan J. — tan3-4 

1 




tan^ tan^ 

1-3 taii2^ . tan^(3-tanM) 



tan^ taiL4 (3 - tanM) 1-3 tanM 

1 + » 



3 - tan^^ - 1 + 3 tan^^ 1-3 tan^^ - 3 + tanM 
3-tan=*^ l-3tan2J. 

3 - \XLT^A 1-3 tan3 J[ 



"2(1 + tan^JL) - 2(1 + tan^^) 
3 - tan2 JL -1 + 3 tan^^ 2 + 2 Ux^A 



= 1. 



2(1 + tanU) 2(1 + tanM) 

(5) cos4J[ + cos4if =2 cos2(J[ + B) . cos2(J[ - jB) 

=2 . {1 - 2 sm2( J. + 5)} . {1 - 2 siii2(J. - B)}. 

,i>\ J. /A^o AS 4, fA^o a\ 1 + tan^ 1-tan^ 4tan^ 
(6)tan(45 +0)-tan(45 -<)) = ^__g-^_— ^=y_^,_ 

4sin^ 

cos^ 4sin^.cos^ 2sin2^ 2sm22^ 



sm^^ cos2^-sin2^ cos2^ cos2^.sin2^ 



^ 2(1 - 008^2^) 
cos2d . am2B 
1 cos^2^ 
^ cos2^ cos2^ _g sec2^-cos2^ 
- sin2^ "" siii2^ 
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_ cos^^ - sin^^ _ cos2^ 4co82^ ^ 4cos2^ 

" 0082^ . 8in2^' "cos*^ . sm2i^'"4 ccM^d . sin«d" sm22^ 

_ 8 co82^ 8co82^ 

""2 8m22^""l-cos4^' 

(8) 

2 8in^ .C0S2J. =2 siiL4(l - 2 sm2-4)=2 sinJL - 4 sinM =sm3-4 - sinJ.. 

,Q. 00871^4 - cos(n + 2)^ __ 2 sm( ?t + 1 )^ . s inJ L __ . . ^ n ^ 
^ "^ sm(n + 2) JL - sinw^ "" 2 cos(n + l)i . 8iiL4. ~" ^ ^ * 

(10) 

cos9-4 + 3C087-4 + 3cos5 J. + cos3 J[ = cos9 JL + cos3J. + 3(cos7-4 + cos6^) 

= 2 COS6-4 . C083 J[ + 6 co86^ . cos-4 

= 2 co86J.(cos3^ -f 3 cosu4) 

= 2 cos6 J. . 4 cos^-4 = 8 co8M . cos6 J . 



. > cosec2J[ - cot2^ _ 1 ~ cos2^ 2sinM_ gj 
^ '^ cosec2^ + cot2u4 ^ 1 + co82 J. "^ 2 cos^ J. ~ 



, . 1-sm^ 2 2 2 2V2 2/^ 



1 + 2 C08^ - 1 2 cos^-^ 



cosg-sin^ 





COSg- 



, ^. c o83^ - 2 cos J. . _ 4 cosM - 3 cos^ - 2 cos^ sin -4 

^ ' sm3^ + 2 siiL^ 3 siiL4 - 4 sin^Jl + 2 sulI cosJ. 

^ 4 cos^ J[ -- 3 - 2 ^ 2(2 cosM ~ 1) - 3 ^ 2 cos2 J l - 3 
'"3-4sm2JL + 2 2(1 - 2 sin^Jl) + 3 2cos2^ + 3 * 
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(14) ta.(46»-^) + Un(46»+^)-l^+i±g^ 

^ 2(l-htan'^) ^ 2 860^^ ^ 2 . 

. a 

a ^'^T 

(16) coaSa + tan-5^in2aBC0s2a +— • 2 sina . coso 

008^ 

B cosSa + 4 gin'— • 008a = 2 cos'a - 1 + 4 sin'-^- • ooea 

e= 2 cosof COSO + 2 sm2-|- j - 1 = 2 COSO . 1 - 1 = 2 COSO - 1 

A • oO a 

2.sm2Y'C08— 

BB coso + coso - 1 bcoso - 2 8iii^--r = coso - 



2 o 

cos — 
2 



:cosa - tan— . sino. 



cos^^-sin'.i 4(cos^^ - sin'^) 4co82^ a +oj oj 

"^ cosU.sinU "^ 4cosU . sin^^ " sm22J. "* °o*2^ • cosec2ul. 

,,,_. ^ . . ^ coso sino cos'o-sin'o 

(17) coseco . coto - seco . tano— -r-s 9-=-^-9 «- 

\ ' sin^o cos^o srn^o . cos^o 

4(008^0 - sin^a) 4(008^0 - sin^o) . «« / » . , v 
" 4sm'a . cog' a ° Bm«2a ^cosec^. (cos»«-8mH 

/,«x x9 X 9 cos^o-sin^o 4(cos^o-sinV 4cos2o 

(18) coro-tan'*o= — s — ^-h— =-7 — 5 ^-o-^— . g.. « 

^ ^ cos^o . sin^o 4 cos^o . sm^o sin^2o 

/lo) cosec«6-8ec26 ^ 1 co8«6~8m«6 ^ 4(co8a5->8m«6) 

^ ' sin^ft cos% sin^ft-cos't 48in26.cos*6 

■B . 2 / ■«a4cos26 . cosec^2&« 
E 
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. . 2 oosec2u4. - sec A _ 2 - sec^ . sin2J . 2-2BmA l — smA 
^ ^2 cosec2^ + sec^ ~2 + sec-4 . Bm2A^2 + 2 smA '^ 1 + bulA 

sin^ + cos^ - 2 sin Y • cos-^ /cos — - suit^^ 
sin^ + cos^ + 2 sin— • cos-^- \c08-3- + sin-^ , 
1— tan-=- 



l + tan^ 



I =cot«(46<'4) 



(21) sin^^ + fl) - Bm(^ - e\ =2 cosSn- • sm(-| + 6\ 

= 2 cos2ir . cOBd=2 oos2ir'. Bin(-^ - ] 

_ sin (^ - fl) - sin/^ + tf) . (Art. 122.) 

(22) cot('£. + <)Vtan(^ + tf) ^i-J ri^ 



Sin 
sin^^-cos^d cos*^-sin*^ 2 ,0082^ 



=2cot2£ 



- cos^ . sin^ sin^ . cosd sin2d 

/ cosa -t- sina X^ 

/oQ\ (coseca + sec a)^ _ \smg . cosa/ , , . « • 

(23; o . ^^ o = T =(cosa + 8mar=l + 2sina.cosa 

cosec^a + sec*o 1 ^ ' 

sin^a . cos^a 

s=l + 8in2o. 

tan^ tan^ 1 l-tan^^ 



(24) 



tan2d-tan^ 2tand . ^ 2 . l + tan^^ 

■«oos2^-sm*^=co82^. 
2tan^ ^ 2tan^ 



^ ^ tan2d - tan^ 2tamg q" 2 _ ^ *" 1 + tan^^ 

1-tan^^ l-tan^d 

2tan^ ^ . ^ ^ , . 
= a^ ■* 2 sin^ . cosa = sm2^. 



KE Y TO ELEMENTAR Y TRIGONOMETR Y 67 

/ggx sin^g - sin^ff _ 8m(a-t-/3).8in(a-/3) 

sina.cosa - siIl^ . oos^^sina . cosa - siIl^ . cos/3 

(Ex. XXVII. 1.) 
^ 2 s in(a + /3).sin(a-/3) ^ 2sm(a+/3) .siD(a--/3) 

2 siaa . cosa - 2 siii/3 . cos/3 sm2a— sin2/3 

^ 2sih(a^g.Bin(a-g ^ 
2 cos(o + p) . sm(a - /3) ^ •-/ 

(27) 4 siiLi . siii(60' + 4).8m(60' - -4) =4 BiiL4.(sm«60' - sin^^). 

(Ex. XXVII. 1.) 

=4 siiL4 (^ - sin2^) = 3 siiL4 - 4 sinS^ = siii3-4. 

(28) cosec2^ + cot4^ + cosec4d= J^ + 5??^ + -r^ 
^ ' sm2d sm4^ sm4^ 

_ 2 cos2^ + cos4^ + 1 _ 2 cos2^ -i - 2 cqs'2 ^_ 1 + co82^ 
2sm2^.cos2d "" 2sin2d.cos2d " sin2^ 
2cos*^ cos^ ^^ 



2 sin^ . cosd sin^ 



2. (1) sin2^ + V3.co82^=l, 

V3.cos2^=l-8in2^, 

3 . cos22^= 1 - 2 siii2^ + sin22^, 

3-3 sin22^= 1 - 2 sm2^ + sm*2A 

Solving this quadratic, we obtain sin2^s=s ^ or, 1 ; 

.-. 2^=-30^or, 90°; 
/. ^= - 16°, or, 45^ 

(2) sin22^-sin«^=8in«^, 

4sin2^.cos2^-sin2^=i-, 

4 sin^^ - 4 sin*^ ~ sin2^=-|- • 

1 1 

Solving this quadratic, we obtain 8in^^= ^j ^""j T » 

• /I 1 1 

•'• sm^-;72' ®'' 2" ' 

.-. ^=45°, or, 30°. 
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(3) 8m5a! . cos3a;=sin9x . cos7a; ; 
/. sinScc + 8iii2a;«siBl6a; + ffln2x ; 

.*. sin8a;ssinl6a;, 

8in8x=2 sm8a; . cosSr. 
Hence 8in8x=»0, or, 2 cos8a;=I, 

sm8a;=aO, or, coBSfiCs--- ; 
/. a;=(f,or,8a;=60* and/. a;=74^ . 

(4) 2sin«3^+sin«6d=2, 

Bin26d=2(l-sina3^), 
4 8m*3d . cos23d=2 cos23^, 
2 sin3^ . co63^~ V^ cos3^. 

_. 1 

Hence oob3^=s o, or, 8in3^ — -jro ; 

/. 3^=90', or, 3^=45^; 
/. ^=30% or, 15% 



(5) cos2ul + smU=-| 

l-28in»^ + sin2j=l., 

4 

sin^^ =-i- and .•. sin^ = ±4 
4 ' 2 

Hence -4=30', or, 150°. 



(6) co83^-cos5^=sin^, 
2 sm4d . sm^=sin^. 

^ Hence 8md=0, or, sm4^s=-L ; 
.-. ^=0**, or, 4^=30* ; 
.-. ^«0% or, ^=7-i° 
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(7) 8in5^ - cosd^sflin^, 

sin5^ - sind— cos3^, 
2 C083^ . sin2^=0083^. 

Hence cos3d=0, or, sina^^-g- 5 

/. 3^=90', or, 2^==30*, 
.-. ^=30', or, e^\h\ 

(8) taii2a=3taiiii, 
2 tana 

Hence tana»0, and .'. a=0% 
• or, 2»3- Stanza, 

tan'a=-^, or, tanaa— ^, or, a=»30'. 

(9) 8in2d+8md»cos2^+cos^, 

^ . 3tf ^ -, 3d d 
2 sin-g- • co8-g-=«2 cosy • coa-j-- 

/. 008^=0, or, -2=^*» ®'> ^=180'; 

. 3d 3a . 3d , 3d -_o u| ^^^a 

or, sin-^— cos-g , or, tany—l, or, — =46 , or, d=30 . 

(10) sinTa - sina »8in3a, 

2 cos4a . 8in3a=Bin3a. 

Hence sindaaO, or, 3a = 0% or, a» 0® ) 

or, 3a=180% or, a=60' )' 
or, 2co84a«l, or, 4a = 60*, or, a =8 15°. 



(11) co8ec*d-sec^«2 00860*^^3, 

5??|5!^-sec^, or, oos¥=38in2d; 
o 

/. 48in2d=l, or, aind^-g >^^ •*• ^=30°. 
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(12) sm6d=sm4^-sin2^, 

2 siii4^ . C082^=sm4^. 
Hence sin4^=»0, or, 4^—0°^ or, ^=0^, 



or, 2ooB2^«il, or, 0082^=^, or, ^«30' 



EXAMFL|»— XXXVI. (p. io6). 

1. (1) 8m3r-2 sinlS-. cob18'-2 • ^^ • ^^^^^^^^^ 

2^(40 -8V5) V(10-2s^5) 
16 4 

(2) cos36«.i-2.mn8-«l-2.(^^^y.l.^^-i^ 

(3) 8in54'=cofl36'«^-ip^. 
(4)coB54-:*8in36-:. ^(^^;^^^^ 

(5) 0m72*-cosl8'- V(l - smns-) ■=^!^^Ct2+M) . 

^«^ t^^79o^»^^72'.^ c06l8' V(10 + 2V5) . V5-1 V(10+2V5) 

(7) Mn90•-•Mll(18•+72•)-8inl8^ cos72"+coel8'. Bin72 

-sinlS'. sinlS** + coslS*. cosl8^ 
« /VS^iy ^ /V(10 + 2V5) y 

- 16 "16'^- 

(8) cos90°-cos(18^ + 72')=cosl8'. cos72' - 8inl8'. 8m72' 

=cosl8'. cos72' - cob72'. eoBl8*'«0. 
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2. 8121(36' + ^) + sm(72' - ^) - 8in(36' -A)- sm(72° + A) 
= {8m(36° + ^) - siii(36' - ^)} - {8m(72' + ^) - 8in(72' - ^)} 
=2 C0836°. siM - 2 cos72'. sin^ 

=siiL4{2cos36'-2oos72°}=8iiL4 | ^-^-^^^^ | "smJl. 

Also, 

{8iii(64' + ^) + 8m(64' - A)\ - {8m(18' + ^) + 8m(18' - A)} 
s 2 sin54*. cos J. - 2 sinl8'. C08^ 

=cos^{2'8in54'-28iiil8^-co8^ | ^"'^-^^^ | =cosA 



Examples — XXXVII (p. no). 
(1) At7-Q- the cosine is greater than the sine, and both are positive ; 

A A r^—r—— 

/. 008-^-+ sui-o'" +Vl +si]L4, 
. A 



(2) At 150* the cosine (negative) is greater than the sine (positive) ; 

.•. cos-^ + sin— == - Vl + sin-4, 
. A 



* cos-jr - sin-^-as - ^l-8in-4. 



(3) COS189' + 8inl89' = - Vl + 8in378^ 



COS189' - sinl89' = - VI - 8in378' ; 

_ 1 f V3T^^V5^=r75i 
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and sinl89°4 { ^1 - >^1 -^1 +^^ } 

(4) 2 sin9^ 44'. 30"= a/i + 1 - >y/l - 1 

V 3 V 3 " V3 ' 
/. 8iii9'. 44'. 3(y«^^. 

(5)cofll67'.30'--./l±^??15! / "^^ .M 

V 2 M ^^ V 2. 



+ 1 



2^2 

- - /2+72 V2T72 

- V— i 2 

Examples— XXXVIII. (p. in). 

(1) 8iii^ = AandsmB-4-, 



4 3 
coftii =—- and coaB=-^ 1 

5 5 ' 

.,. ^,3 3^4 425- 
•• «^ (^ + -B)«y • -5 +-5 • -5 =26*1 J 

.-. ^+5:«90^ 

(2) tanJ[=y; tanB=:y, 

. o^ 2tan5 2/, 1\ 2x9 3, 

i + 1 
^ '^ 1 - tan-4 . tan2jB ,1 3 ' 

1-y 4- 
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(3) Let siiLi = 4^ and cotB=3. 
Then tan^ =4" »^<1 tonB^^" » 

l__L . Jl 
2 3 

that is sin-i-L + cot-i3=46'. 
V5 



(4) Let Ay B,C,Dhe the four angles whose tangents are 

Jl J- 1 Jl 
3' 5' 7' 8 * 

Thentan{(^+5) + (a+D)} 

^ tan(^ + ^) + tan(a-i-D) 

*" 1 - tan(^ + 5) . tan(a+ i>) 




(44)-(-i)-" 



3 1 

(5) Let cot4 =-7- and cotB™ y . 

Then tan^=-3 and tanJ5=7 ; 
.•.tan(4+5)=i_^ 1; 

.*. J +5=136', or, cot-i4- + oot-i-i-=136'. 

4 7 
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3 3 

(6) Let taiL4 = -g-andtaiLB=y. 

Then tKa(A+B)=-^—^''^ ; 

TO to 



(7) Letta2Ll8s9candtaiijBs|^. 

Thentan(^-5)=rS; 

^^ 1+icy 



(8) Let amA «£ and coaB s x. 

Then co8-4=»Vl-a^and smB^s/l-a^ ; 
/. sin(-4+5)=a;.x+Vl-x'.Vl-x' 

/. il+J?«90*, or, sin"ia;+co8"^«90% 



(9) Let sin-isa-rt sulB=t^, sinO«sr ? 

^ 5 ' 13 66 

/. 00B-4«=~, coaB=jg, cosO=gg* 

Then 8m(-4 + 5+ C)-sm(-4 + J5) . cofl(7+co8(ii +5). sinC 

B(smil.c(>s£+cos^.8inB)g7 + (oos^.oosB-sin^.8inB)»g * 

"V5 * 13 6 ' 13/ 66 \6 * 13 6 ' 13/66 

63 63 16 16 4226^ 
"66 ' 66 66 * 66*4225 

A ^ + B+C«90*, or, Bm-4+sin-i;^+sm"ii?=-^. 

O 13 DO 2 
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(10) 



Lettan^=-=-, and tanJB=r;;r;:« 
Then tan(4^ - B) ' i^^^^^^^^ 



120 



119 239 

1 + i^.J-' 
119 239 



Ij 



.-. 4^-B-.46', OP, 4tan-ii_tan-»^. 



ExAiifFr.Kg— XXXTX. (p. 120). 



(1) 


31651563 


(2) 


4-6843786 


(3) 


2-5324716 




4-7606856 




6-6650657 




3-6660657 




6-6879746 




3-8905196 




6-8905196 




2-6160026 




3-4675284 




•3156216 




i-2187180 




7-7074922 




2-4036784 


(4) 


2-483269 


(5) 


2-352678 


(6) 


5-349162 




3-742891 




5-428619 




3-624329 




4-740378 




2-924059 




3-724833 


(7) 


2-4596721 


(8) 


7-429683 


(9) 


9-2843617 




3 




6 
40-578098 


- 


7 




6-3790163 


62-9905319 


10) 


3 6-3725409 


(11) 


6 14-432962 


(12) 


9 4-53627188 




2-1241803 




3-738827 




T-61514132 
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Examples— XL. (p. 123). 

1. log 128=log 2^=7 log 2=2-1072100 

1000 
log 125«log-g-=log 1000 - log 8=3 - log 2» 

=3-3 log 2=3- -90309000 =20969100 

10000 
log 2500=log— J— =log 10000 - log 4=4 - 2 log 2 

=4- •6020600=3-3979400* 

100 

2. log 50=log -2-=log 1^ - log 2=2 - -3010300=1-6989700 

log -005=log YQQQ=log 10 - log 2 - 3= - log 2 - 2=3*6989700 
log 196=log (49 X 4) =2 log 7 + 2 log 2 = 2-2922560. 

3. loge=log3+log2=-7781513 
log 27=3 log 3=1-4313639 

log 64=log (27 X 2)=3 log 3+ log 2=1-7323939 
log 576=log (9 X 64)=2 log 3 + 6 log 2=2-7604226. 

4. Iog60=log (2 x3 X 10)=log2 + log3+log 10=1-7781513 
log •03=log j^=log 3-2=-4771213 - 2=2-4771213 

105 21 

Iogl-05=logj^=log^=log3 + log.7-log2-l=-0211893 

log •0000432=log j^?^^=4 log 2 + 3 log 3 - 7=5-6354839 

5. log-00075 = log75-6=log3+log25^5=log(Y)^+log25-5 

= -|-|logl8-log2| +logl00-16g^4^5 

= -^1 1-2552725 --3010300 I +2-*6020600-5 
= •4771213 - -6020600 -3=4-8*750613. 
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Log31*5-=log(21x3x6)-l— log21 + log3 + l-log2-l 
«=log 21 + o"V^ 18-log 2j -log 2 
-» 1-3222193 + '4771212 - '3010300 - 1*4083105. 

6. log 2 « log y- 1 - log 6 = -3010300. 

£0 

log '064-log j^«01og 2-3«6-6log6-3=2-8061800 
Iog{5}"-n(^log2-^log6) 

-y (30-30log6 - lOlogs) "y(^^ ~ 27-968800o] 
«-i-(2'0412000^ --2916000, 

7. log 6 «log ^=1 - -3010300- '6989700, 

log -125*= log j-^-31og5- 3-2-0969100-3*1-0969100 

log(|5)"-log 5" - log 2^"- log 6« - log 2^ 

-61og5-|-log2=6(logl0-log2)— |log2 
- 4-1938200 - -8027467 - 3'3910733. 

8. -Ol^r^-rg-a^lO-^) 

I^IQO f.'. the logarithms are- 2, p, 2 J 

100=102 J 



100=102 

•oi-(-oiy 

the logarithmtf are 1, 0, - L 



•01 -(-01)1 ^ 

l=(-01)o I . 

100=-:^=(-01)-ij'* 
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9. 1593 is greater than 10^ and less than 10^ ; characteristic 3. 
1593 is greater than 12^ and less than 12^ ; characteristic 2. 



Hence y = -5- and «"• -g- 



11. (a)log2«|-log4=-3010300, 

log 25=log 100 -log 4«2 - •6020e00«l-3979400 

Iog83'2=log(80xl-04) = -|log4 + logl0 + logl-04 
= -9030900 + 1 + -0170333= 1-9201233 

log (-625)^ =T5o 1 ^^^ ^^^ "" ^^^ ^^^} ""I^ I 2 log 25 - 3 I 

=ji^ I 2logl00-21og4-3 I =j^| 4-1-2041200-3 | 
= - -0020412 = 1-9979588. 

(6) log (l-04)«»o«60001og l-04«6o6o x -0170333 

« 102-1998000 ; .-. number of digits is 103. 

12. (a) log 6 =ylog 25 ='6989700 

log 4 =2 - log 25 = -6020600 
log51-5=log5 + log 10-3=-6989700 + 1-0128372=1-7118072 

log(-064)^=jj5{ Iog64-.logl000 } =jj^ { 3log4-3 | 

=j^ 1 1*8061800 - 3 I = - -0119382 = 1-9880618. 

(6) log (l-03)«w= 600 log 1-03 « 600 X '0128372 

=7-7023200 ; .'. number of dij^ts is 8. 
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13. log7623=log (9 x 121 x 7)=2log3 + 21og 11 +log 7 

= -9542426 + 2-0827854 + -8450980=3-8821260 

77 
log 3g;5=log 7 + log 11 - log 3 - log 100 

= -8450980 + 1-0413927 - -4771213 - 2» 1-4093694 

3 

log 5^=log 3 - log 11 - 2 log 7 

« -4771213 - 1-0413927 - 1 6901960 =3-7465326. 

14. (1) a;log4096=log8-xlog64 

4a; log 8=log 8 - 2a; log 8 

4a;=l-2a;; 6d;=l ; «=-^* 

(2) (2-5)«= 6-25 =(2-5)2; .-. x=2. 

(3) (a6)*=m ; % log (a6) =log m ; 

... j.^ log^ 
log a+ log 6 

(4) a;(m log a + 2 log 6) = log c ; 

logc 



.-. x= 



m log a + 2 log h 



(5) 3a;loga + (4-a;)log6=(2a;-l)logc 

x(3 log a - log 6 - 2 log c) = - 4 log 6 — log c ; 
4 log 6 + log c 



.*. x= 



2 log c + log 6 - 3 log a 



(6) a;(loga + mlog6)=logc-3a;logc 

.qp(log a + m log 6 + 3 log c) =log c ; 

logc 



a;= 



log (1 + m log 6 + 3 log c 
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ExAMPLEs^XLI Q). 127). 

(1) log 525030=5-7201841 
log 525020-57201768 

■-* - - 

Difference for 10 a -0000083 

.*. 10 : 5— '0000083 : what we must add ; 
.% we must add -0000041 ; 
.'. log 52502-5=4-7201799. 

(2) log 300430=6»4777433 
log 300420=5-4777288 

Difference for 10= '0000145 

/. 10 : 5=-0000145 : what we must add \ 
/. we must add -0000072 ; 
.-. log 300-425=2-4777360. 

(3) log 32026000= 7*6055027 
log 32025000:t« 7-5054891 

Difference for 1000= -0000136 

.\ 1000 : 613=*0000136 : what we must add ; 
/. we must add -0000083 ; 
/. log 32-025613= 1-6064974; 

(4) log 236610= 5*3740331 
log 236600=5-3740147 

Difference for 10 =« -0000184 

.\ 10 : 1= -0000184 : what we must add ; 
.-. we must add '0000018 ; 
.*. log 236-601 «t: 2-3740165. 
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(5) log 675030 = 5-8293231 
log 676020=5*8293166 

Difference for 10= '0000066 
.*. 10 : l=-0000066 : what we must add ; 
.*. we must add -0000007 (see end of Art. 162) ; 
.-. log 67-5021 = 1-8293173. 

(6) log 7333600=6-8663172 
log 7333600=6-8663113 

Difference for 100= -0000069 
.*. 100 : 33 =-0000059 : what we must add ; 
.-. we must add -0000019 ; 
.-. log -007333633=3-8663132. 

(7) log 6693200=6-8190962 
log 6693100=6-8190897 

Difference for 100= -0000066 
.-. 100 : 71 = -0000066 : what we must add ; 
.-. we must add'-0000046 ; 
.-. log -000006693171=6-8190943. 

(8) log 340780=6-6324741 
log 340770=6-6324614 

Difference for 10= '0000127 
.-. 10 : 8=-0000127 : what we must add ; 
.'. we must add -0000102 ; 
.-. log 3407-78=3-6324716. 

(9) log 390980=6-6921646 
log 390970=6*6921434 

Difference for 10= '0000111 

.-. 10 : 4=-0000111 : what we must add ; 

.'. we must add -0000044 ; 

.-. log 390974=6-6921478. 

F 
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(10) log 2582000=6-4119562 

log 2581900= 6-4119394 

Difference for 100= -0000168 
/. 100 : 26 :=-0000168 : what we must add ; 
.'. we must add -0000044 ; 
.*. log 2*581926 =-41 19438. 



ExAMPLBS — XLII. (p. 129). 

(1) log 12955=4-1124374 

log 12954=4-1124039 

Difference for 1 = -0000335 
.-. -0000335 : -0000271=1 : what has to be added ; 
.'. we must add '8 ; 
.*. 4-112431 is the logarithm of 12954-8. 



(2) log 46246=4*6650742 

log 46245=4-6650648 

Difference for I = -0000094 
.-. -0000094 : -0000009=1 : what has to be added ; 
.•. we must add -095 ; 
.-. 3-6650657 is the logarithm of 4624-5095. 



(3) log 34573 = 4-5387371 

log 34572 =4-5387245 

Difference for 1 = -0000126 
.-. -0000126 : 0000114=1 : what we must add ; 
.-. we must add -9047 . . ., or, -91 ; 
.-. 2-5387359 is the logarithm of 345-7291. 
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(4) log 39376 » 4'6962316 
log39376»4'6962206 

Difference for 1= -00001 10 
.-. -0000110 : -0000076=1 : what we must add ; 
.'. we must add *69 ; 
.-. 5-5952282 is the logarithm of 303756-9. 

(5) log 37160=4-5700757 
log 37159=4-5700640 

Difference for 1= -0000117 
.-. -0000117: -0000062=1: what we must add ; 
.*. we must add -529, or, -53 ; 
.-. 3-5700702 is the logarithm of 3715-953. 

(6) log 96462 = 4-9843563 
log 96461 =4*9843518 

Difference for 1= -0000045 
.*. -0000045 : -0000024=1 : what we must add ; 
.-. we must add -5^ ; 
.-. 3-9843542 is the logarithm of '00964615$. 

(7) log 25726=4-4103723 
log 25725=4-4103554 

Difference for 1= -0000169 
.-. -0000169 : -0000166=1 : what must be added ; 

.-. we must add -982 ; 
.-. 7-4103720 is the logarithm of '00000025725982. 

(8) log 60196=4-7795604 
log 60195=4-7795532 

Difference for 1= -0000072 
.-. -0000072 ; -0000029 = 1 : what must be added ; 
.-. we must add -4027, or, -403 ; 
.-. 2-7795561 is the logarithm of 601-95403. 
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(9) log 10906=4-03'76665 

log 10906 =40376257 

Difference for 1 = '0000398 
.-. '0000398 : '0000114=1 : what must be added ; 
.'. we must add '286 ; 
.'. 3-0376371 is the logarithm of 1090'6286. 



(10) log 26202=4-4183344 

log 26201 =4-4183179 

Difference for 1 = '0000166 
,-. -0000165 : -0000135=1 : what must be added ; 
.*. we must add *818 ; 
.-. 2-4183314 is the logarithm of 262'01818. 



Examples — XLIII. (p. 132). 

(1) sin42M6' ='6725821 

sin42M5'= '6723668 



Difference for 1'= -0002153 
.'. 60^ : 16"= 0002153 : what we must add ; 
.-. we must add -0000574 ; 
.-. sin42M5'. 16"= -6724242. 



(2) sin72M5' = -9523958 

sin72M4'= -9523071 

Difference for 1'= -0000887 
.-. 60": 6"= '0000887 : what we must oM; 
.'. we must add '0000088 ; 
.-. sin72^ 14'. 6"= -9523159. 
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(3) sm54°. 36' = -8151278 

8iIl54^ 35'= '8149593 

Difference for 1'= -0001685 
.*. 60^ : 45"= -0001685 : what we must add; 
,\ we must add '0001263 ; 
.-. sm54°. 35'. 45"= -8150856. 

(4) sm8r. 27' = -9990098 

sm87^ 26'= -9989968 

Difference for 1'= -0000130 
.*. 60*' : 15''=-0000130 : what we must add; 
.-. we must add -0000032 ; 
.-. sin87^ 26'. 15"=-9990000. 

(5) sin43M5' =-6851830 

sin43M4'= -6849711 

Difference for 1'= -0002119 
.-. 60^ : 20^=-0002119 ; what we must add ; 
.'. we must add '0000706 ; 
.-. sin43°. 14'. 20^= -6850417. 

(6) C0S41'. 13'=-7522233 
cos4r. 14'= -7520316 

Difference for 1'= -000191? 
.*. 60*' : 26*'= -0001917 : what we must subtract; 
.'. we must subtract '0000830 ; 
.-. C0S41M3'. 26"= -7521403. 

(7) tanl^ 23'= -0241484 

tanl°. 22'= '0238573 



Difference for 1'='0002911 
.*. 60": 30"= '0002911 : what we must add; 
.-. we must add '0001455 ; 
.'. tanl^ 22'. 30"= -0240028. 
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(8) cot35*.6'« 1-4228561 

cot35^r«=l'4219766 

Difference for r= -0008795 

.-. 60" : 23^= -0008796 : what we must subtract ; 

.*. we must subtract '0003371 ; 

/. cot35''. 6'. 23"= 1-4225190. 



(9) 8m67^ 23' = -9230984 

8m67% 22' =-9229865 

DiffeieBce for r= -0001119 

/. 60* ;48'''5=-0001119 : what we must oM; 

.% we must add '0000904 ; 

/. 8m67^ 22'. 48''-6= '9230769. 

(10) C0834". 12'- -8270806 

co834M3'= -8269170 

Difference for 1'= "0001636 

.*, 60" : 19*'6= -0001636 : what we must «*6^acf ; 
.'. we must subtract '0000534 ; 
.-. co634M2'.19"'6= '8270272. 



Examples — ^XLIV. (p. 135). 

(1) sin48^ 47'= -7522233 

sin48^ 46'= -7520316 

Difference for 1'= -0001917 

•0001917 : -0001084=60" : what we must oM to 48". 46' ; 

.'. we must add 34" ; 
.-. the angle is 48^ 46'. 34". 
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(2) C082°.3a'=*d990098 

cos2°. 34' =» -9989968 

Difference for 1'= -0000130 
.*. 0000130 ; 0000098=60^ : what we must add to 2^ 33' ; 

.-. we must add 45" ; 
.-. the angle is 2°. 33'. 46". 

(3) sin43M5'= -6851830 

8in43M4'= -6849711 

Difference for l'» -0002119 
.-. 0002119 : -0000289=60" : what we must add to 43^ 14' ; 

.-. we must add 8"-18 ; 
.-. the angle is 43". 14'. 8"-18. 

(4) cos32^ 31'= -8432351 

COS32". 32'= -8430787 



Difference for 1'= -0001664 
.*. 0001564 : -0000351=60" : what we must add to 32*". 31' ; 
.-. we must add 13"*46, or, approximately, 13"-6 ; 
.-. the angle is 32^ 31'. 13"-5. 

(5) sin24M2'= -4099230 

sin24Ml'= -4096577 

Difference for 1' » -0002653 
.-. 0002653 : -0000982=60" : what we must add to 24°. 11' ; 

.'. we must add 22"-2 ; 
.-. the angle is 24^ 11'. 22"-2. 

(6) 8ec82°. 23'= 7*552169 

8ec82^ 22'= 7-528249 

Difference for 1'= -023920 
.-. -023920 : -005084=60" : what we must add to 82*. 22' ; 
.-. we must add 12"-8 nearly ; 
.-. the angle is 82^ 22'. 12"-8. 
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(7) 00853°. 7'= -6001876 
cos53°. 8' = -5999549 

Difference for 1'= -0002327 
.-. -0002327 : '0001876=60^ : what we must add to 53^ 7' ; 
.-. we must add 48"-4 nearly ; 
.-. the angle is 53^ 7'. 48''-4. 

(8) cosec25^ 3'= 2-361 79 
cosec25°. 4^= 2-36029 

Difference for 1'= -00150 
.-. 00150 : -00068=60" : what we must add to 25^ 3' ; 
.-. we must add 27^-2 ; 
.-. the angle is 25°. 3'. 27"-2. 

(9) sin73°. 45'= -9600499 
sm73°. 44'= -9599684 

Difference for 1'= -0000815 
. -0000815 : -0000316=60" : what we must add to 73°. 44' ; 

.-. we must add 23^-2 ; 
.-. the angle is 73°.44'. 23''-2. 

(10) tan77°. 20'=4-44942 

tan77°. 19' «4-44338 
Difference for 1'= -00604 
.-. 00604 : 00106=60" : what we must add to 77*. 19' 

.'. we must add 10"-5 ; 
.-. the angle is 77°. 19'. 10"-5. 



Examples— XL V. (p. 138). 

(1) L sin55°. 34'=9-9163406 

L sin55°. 33'= 9^9162539 
Difference for 1'= -0000867 
.-. 60" ; 54"= -0000867 : what we have to add ; 
.-. we must add -0000780 ; 
.-. L 8in55°. 33'. 54"= 9-9163319. 
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(2) L sm29^ 26'=9-6ai4446 
L sin29^ 26'=9-6912205 

Difference for 1'= -0002240 
.-. 60^ : 2"= -0002240 : what we have to add ; 
.-. we must add '0000075 ; 
/. L sm29°. 25'. 2"=9-6912280. 

(3) L cos37°. 28'=9-8996604 
L 00637°. 29'»9'8995636 

Difference for 1'= -0000968 
.-. 60* : 36^=-0000968 : what we have to subtract ; 
.-. we must subtract -0000681 ; 
.-. L OOS37". 28'. 36"= 9-8996023. 

(4) L sin54^ 14'=9.909237l 
i sin54M3'=9-9091461 

Difference for 1'= 0000910 
.-. 60" : 19"= 0000910 : what we have to add ; 
.*. we must add '0000288 ; 
.-. isin54°. 13'. 19"= 9*9091 749. 

(5) itan27^43'=9-7204759 
L tan27°. 42'=9-720ie90 

Difference for 1'= -0003069 
.-. 60" : 34"= -0003069 : what we have to add ; 
.-. we must add -0001739 ; 
.-. L tan27". 42'. 34"=9-7203429. 

(6) L tan5". 14'= 8-9618659 
Ztan5M3'= 8-9604728 

Difference for 1'= -0013931 
.-. 60" : 23"= -0013931 : what we have to add ; 
.-. we must add '0005340 ; 
.-. L tan5^ 13'. 23" =8-9610068. 
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(7) L cot3^ 37'= 11-1992368 
L cot3^ 38'= 11-1972347 

Difference for 1'= -0020021 
.-. 60^ : 50*= -0020021 : what we have to subtract ; 
.'. we must subtract '0016684 ; 
.-. L cot3^. 37'. 50^=11-1975684. 

(8) L sm39°. 26'=9-8028968 
L sm39^. 25'= 9-8027431 

Difference for 1'= '0001537 
.'. 60* : 10"= '0001537 : what we have to add ; 
.*. we must add '0000256 ; 
.-. L sin39". 25'. 10''=9'8027687. 

(9) L sin70°. 35'= 9*9745697 
L sin70°. 34'= 99745252 

Difference for 1'= '0000445 
.-. 60" : 17"= -0000445 : what we must add ; 
.'. we must add '0000126 ; 
.'. X sin70^ 34'. 17"=9'9745378. 

(10) L cos88^ 54'=8'2832434 

L cos88°. 55'= 8-2766136 

Difference for 1'= '0066298 

.-. 60" ; 16"= '0066298 : what we must subtract ; 

.*. we must subtract '0017679 ; 

.'. L cos88°. 54'. 16"=8'2814755. 



Examples— XLYI. (p. 140). 

(1) L sinl4°. 25'=9'3961499 

L sinl4°. 24' =9-3956581 

Difference for 1'= -0004918 
.-. '0004918 : '0002868=60'' : what we have to add ; 
.'. we must add 35" nearly ; 
.'. the angle is 14'. 24'. 35". 
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(2) L sm54°. 14'=9-909237l 

i sm64M3'=9-9091461 

Difference for 1'= •0000910 
.'. 0000910 : •0000299=60" : what we have to add ; 

/. we must add 19" ; 
.-. the angle is 54". 13'. 19". 

(3) Xsin71".4r=9-9774191 
Xsin7l^40'=9•9773772 

Difference for r= '0000419 

.*. -0000419 : -0000125=60" : what we must add ; 

.-. we must add 18" nearly ; 

.-. the angle is 71". 40'. 18". 

(4) L cos29^ 25'=9-9400535 
L cos29°. 26'=9-9399823 

Difference for 1'= '0000712 

.-. '0000712 : '0000023=60" : what we must add ; 

.-. we must add 2" nearly ; 

.-. the angle is 29". 25'. 2". 

(6) X tan30". 61'=9-7761947 

Xtan30°. 50'=9-7759077 

Difference for 1'= '0002870 

.-. '0002870 ; '0001320=60' : what we must add ; 

.'. we must add 27"*6 nearly ; 

.'. the angle is 30". 50'. 27"'6. 

(6) L cot86". 32'=8'7823199 

L cot86". 33'=8'7802218 

Difference for 1'= '0020981 

.'. '0020981 : '0008656=60" : what we must add ; 

.'. we must add 24"'5 nearly ; 

.'. the angle is 86". 32'. 24"'5. 
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(7) L sin24°. 9'=9-6118680 

Lsm24°.8'=9-6115762 

Difference for r= -0002818 
/. -0002818 : -0002114=60" : what we must add ; 
.*. we must add 45''.; 
.-. the angle is 24°. 8'. 45". 

(8) L tanll^ 40'=9-3148851 

itanll°.39'=9-3142468 

Difference for 1'= -0006383 

.*. -0006383 : -0005543=60" : what we must add ; 

.*. we must add 52" ; 

.-. the angle is ir. 39'. 52". 

(9) L cosec46°. 23'= 10*1402787 
L C08ec46°. 24'= 10-1401584 

Difference for 1'= -0001203 

.*. -0001203 : -0000220=60" : what we must add ; 

.*. we must add 11" nearly ; 

.-. the angle is 46^ 23'. 11". 

(10) L sec29°. 55' = 10-0621053 

L 8ec29°. 54'=100620326 

Difference for 1'= -0000727 
.-. -0000727 : -0000359=60" ; what we must add ; 
.-. we must add 29"'6 nearly ; 
.-. the angle is 29". 54'. 29"-6. 

Examples — ^XLYII. (p. 149). 

(1) sin(il + 5)=sin(180''-C)=sina 

(2) cos(^ + 5) = cos(180' - C) = - cosa 

(3) sm — 2 — =sm|^90°- 2-j=cos-|-. 
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(4) cos— 2 — =008^^90 -y j^sin-g. 

(5) taii^J^=taii(90»-J) = cotJ. 

(6) cot ^|^-cot(90°- Detail J. 



EXAMPLBS— XLVIII. (p. 150). 

1. (1) Bm2A + sm2B + 8m2(7=2 8m(^ + B) . cos(il - 5) + sinSC 

=2 sinO. cos(il -5) + 2 sinC. cosC 
= 2 sinC . {cos(^ - 5) + cosC} 
= 2 smC{cos(^ - 5) - co8(^ + B)} 
=»2 sinC . (2 sinA . siaB) 
8=4 siiL^ . siaB . sinC 

(2) sin(-A+B + C) + sm(A'B+C) + am{A + B-C) 

=2 sinC. co8(-4 - B) + Bm(A +B) . cosC- cos(-4 +B) . sinO 

= 2 sinC . cos(J. - 5) + sinC . cosC + cosC . sinC 

=2 sinC . {cos(^ - 5) + cosC} 

= 2 sinC . {cos(^ - 5) - cos(-4 + 5)} 

=4 sin A . sinf . sinC 



(3) 5 (^^' 

cot-g + coW 



COSg 




•cosg 


sm^-smg 


COSg 


. 0^ . B 

•sin^+sm^ 


cosy 



,^ ,(7 . ^ . C . /A 

cotg- + coW sin— • sm-2r sin 









sin g- . sin- 



B . B ^ B . B 

coQ-zr ' sin— 2 C0S-5- • sin^ . „ 
2 2 2 2 sm£ 

Z . -4 « A .A ainA 

C0S-5- • suiY 2 cos-g- • sin-^ 
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(4) tan(il+5 + C0=tanl8O°=O; 

tanJ.+taii£ + ta]iC-taiL<i . taitB . tanC 



=0; 



•• l-taiL4.tanjB-taiL8.tanC-tan(7.tan-4 
.'. tanJ. + taiLB + tan(7-taiL4 .ta2LB.taii(7=0; 
.'. ta]i^ + taiLB + tanO=taiLii.tanB.tan(7. 

(5) As in Example (4), 

tanJ.+taiL& + taii(7=taiL^ . tanJB . tanC, 
and dividing both sides by tanJ. . tanJ? . tanC, 

cotB . cot(7+cot-4 . cot(7+cot4. . ootB«l. 



A , B . A B C 
cos^. Bin^-l-sm^. cosy cos g- 

(6) cotg-^cot^ + coty r-3— T +"77 

sin 2- . sin y sin^ 



. (AB\ C 

T3 Tb'^ . 

sin^-sin^- sin^- 



2|sm-2-8in- sm-| 



, C , A . B 
0)22 2 



'C06-?r 



^\.A . B . C 
sin- . sin-g . sin 2" 



= 008-;^ 



/A^B\^.A . B 
cos(y+g-)+smg-.s m^ 

2i . A . B To 



sin-g- . sin g- . siny 

CAB 
cos- . cos- . cos^ 

:— j--g— ^- cot^- . cotg- • cot^ 
sinysinysiny 
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(7) 

1 + cos2^ + C0825 + cos2(7= 1 + (2 oos«^ - 1) + 2 cos(5 + C) . C08(B - 0) 

=2 COS* A- 2 008-4 . coa{B - C) 

=: - 2 cos-4 . {cos(B + C) + cos(B - C)} 

«= - 2 coB-4 . 2 cosB . cosC= - 4 cos-4 . cosB . cosC. 



(8) cos^ +cos5 + C080=2 cos— cos— g— + 1-2 sm*^ 

=2 sm— . cos — 2 2 sin^ y + 1 

=2 sin-s" I cos — 2 ^^ ~2 — ) 

=2sm-^ .2 8inY.siii^ + l=4 8iiiY.8in— -sin-g+l. 



(9) - sin2-4 + sm2J5 + sm20= 2 sm(B + Cf) • oos(5 - 0) - 2 sin-i . cos^ 

«=2 sin-i . {co8(jB- 0) - cos-4} 
«2 sin^ . {cos(5 - C) + cos(jB + C)} 
=4 sin J. . cos£ . cosC 

(10) sin A + sinB - 8mO= 2 sin — • cos — ^ 2 sin-^ • cos y 



=2cos^. |cos -^ --sin-g ^ 

=2cos4- • 1 
2 ( 



^-B ^ + B 
cos— ^ ^~2~" 



o C ^ , A . B 
=*2 cos—- . 2 sin— • sin-^ 

. . A . B C 

=4 sin-— . sin— • cos— • 

ja <a ^ 



(1 1) sin2il + sin2B - sin2C= 2 sin(-4 + B) . cos(-4 - B) - 2 sinC. cosO 

« 2 sinC . {cos{^ - B) - cosC} 
«2 sinC. {cos(^ -B) + cos(^ + B)} 
»4 sinO. cos J. . cosB. 
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(12) cos^ + cosB - cosO=2cos:i±:? . cps^"^- ^ _ 2 sin*-^ 

= 2 sin— . cos — ^ + 2 sin Y • cos=^^ - 1 
=2 sin— . I cos— 2 — + COS— g— > - 1 

^ B C 1 { ) 

(13) co82~ + cos2~ + cos2-~=r— <cosJ^ + l + cos5+l+cosO+l [ 

=— . \ cobA + cosB+cobC+S I 

= 2- • I 4 sin-g • siny • 8m-2- + 1 +3 >, as in Ex. 8. 

=2 + 2sin^.sin~sin-^. 

(14) sin2A+sin2:| + sin2^=_l.. |l-.cos^ + l«cosB+l_cosO| 

= 2- • I 3-4 sin^ • sin— • sin— - 1 >, as in Ex. 8. 
- 2 sin-g • sm-5- • sin-Q • 

2. 

(1) — — =cot-4 + cosec-4=— r— T— = 3 — 1— j-s= — l=cot— . 

» sinJ^ . . A A , A 2 

2sm-.cosY sin^ 



'(2) 2 cosec2^ . cotJB= -. 



2 co&B 2 cosJB 



sin2^ ' sulB 2 sul4 . cos^ . sinJB 



C08.B 1 c' 

cosB . sinjB . suLB""8in«5~P' 
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(3) 2 8m?:^ = l-cosJ5=l--=^-^^ 

2 c c 



••«^I=\/(V) 



(4) 2 cos4-= 1 + cosJ5= 1 + ?L^^L±^ , 

^ * 2 c c 



B //'a + c\ 



. . cos2B - cos2 J^ _ C08^.B - sin'.B — cos^J^ + sin' J ^ 
^ ^ sm2JL "" 2 sm-4 . cos J. 



sm«-4 - sin2J5 - sin«B + sin* J^ 2 sin«^ - 2 sin«5 



2 sin^l . cos J^ 2 sin^ . cos^ 

sin^ sin£ 



COSui cosJ? 



=1801-4-1811^. 



^•r^ 2tan-4 1 

(6) taii2^ - sec25= ^ _ ^^^ - ^^b - gin^B 

2a6 c* 2a6 + c* 



62-.a2 a«-6« b^-a^ 



(7) (sin^ - wnB)^ + (cos^l + cos5)« 

=sin*-4 - 2 sin-4 . sini^ + sin*JB + cos*-4 + 2 cos-4 . cosl^ + cos'^ 

=2 + 2(cosui . cosJB - sin-4 . sin5) 

(J 

=2+ 2cos(^ + J5)=2-2cosC=4sin*-2 • 



1 1 c* 

(8) ^^^^^A^r^ri'=^^=STzr^2' 

G 
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(9) 






(10) 

cot(B -A)+ oot2(^ + -2 ) - ging.coe^-cosB.rin^ + «>t(2^ + ^^ ) 

sini4 . sinB + bulB . siiiii 



sinB . smB—BmA . siiL^ 
2a& 2taja.A 2ab 2ab 



«0. 



62-a« 1-tan'M S^^^ 6«-a« 

g sinO b sinC 
^ /,x siiL4 - smB c c (a—b)smC sinO 

O. ^l; y; SB =—7 iT = ■ 

d-o a-6 (a-6)c c 



^ ^ sinC sinC.sinC sin^(7 c* 



^v g.sinO amnC ^ a. sinOc . siiL^ _ . 

^ 6-acosO™acosO+ccosui— aco8(7™c.cos-4'"c.cos-4"~ 

,.v c n ^-D c cosJB c— a.cosB 

(4) — . cosec5 - cotB«-— T-^--T-==----r--5-- 



a a.sinB sin^ a.sinjB 

bcoBA + acoBB—acoaB bcoaA 
asinB "~6sin-4 



= cot4. 



(5) a + 6 + c= (6 cosO+ ccoaB) + (acos(7+ ccos-4) + (acosJB + 6cos-4i 
= (a + 6)cosO + (a + c)cosJB + (6 + c)cofl-4. 

„ . A + B A-^B A^B 
. r • >! . • i> 2 Sin — - — • cos — 5— cos — 5 — 
/o\ <* + ^ suiil + siiLB 2 2 2 






sinO -, . C C 7lJ' 

2 sin— • COS-5- sin-^ 

, ,, . A--B 

/. (d + 0) . sin-g =c . cos — 5 — 
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^ A + B . A-B . A-B 

, . . . ,, 2 cos— 5 — sin — 5— sin — ^r— 

,^v a—b BmA-smB 2 2 2 

(7) -T-= — ^w^ — = n 



c sinO r^^J C C^' 

2 sin— • cos— ^^^"o" 

.'. (a-6)cos— • =4J. sin — ^ — 

/ft^ tanjB _ suLg.cosO _ V 2a& ^ a'-t-d^-cg 
^^^ tanC""sinC.cos5 /a^ + c^-6^"a*-6a + c*' 

^•(-2sr-) 

(9) c=aooaB+6cos-4=acosJ5+-:— -T- cosJ.=a(cosJB+siiLB.coL4). 

(10) 2(a6. 008(7+ flM5.ooaB + 6c •cosJ.) 

= (a2 + 6a-.c2) + (a« + c2-&2) + (j2+^_a2)«^i + j2 + g2^ 

(11) 008^-4 + cos*jB + cos^+ 2 cos-4 . cosJB . cosO 

=Y < 1 + C0S2-4 + 1 + cos2jB + 1 + 00620+4 cos^l . cosJB . oosC > 

=Y ] 3 + (-l-4cos-4 .cos£.cosO) + 4cos-4 .coaB.cosCj , 

by Example xlviii. 1. (7). 
=|x2=l. 

(12) 

^ A + B . A-B 
a-b „ „C sul4-sulB ^ «0 ^cos^^sm-^— ^ 

-^>2cos«^= sinO '^^V -^ ^«2 

sin^. 



^ . A-B . u4+J5 
= 2 sin— 2 — sin-^ — =cosJ5-cos-4. 



(13) 



o . A+B A-B 

2 sin — 7i — • cos 



a+6 „ . „C sinJL + sinB . . 2O -— 2 "^ 2 .0 
-7-2sm«- g-^_.2sm^ 5 sm- 

COSy 
= 2 COS —7; — 'COS — = — = 008-4 + cos£. 
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(14) a*.siiL4 + a6.siiLB+ac.8m(7=a%inJ +6. 6 sin -4 + c. c sin-4 

= (a2 + 62 + ca)siiL4. 

(15) By Art 184, page 149, 

.A I «.(«-. a) , .B /«.(«-&). 



(3-6)(8-c) 
/. cot-5- :cot-5-s=«-a:«-6 



^6 + c-a:a + c-6, 



(16) 



A B I 8, (s- a)~ I 8.{8'-hj~ _ 8 a+b + c 
cotTg- . oot-^=V («-6)(«-c) * V («-a)(«-c)~«'^c"ST6^' 

(17) a sm(5- C) + 6 sin(0- ^) + c . sm(^ - J5) 

. =« (sulB . cosC- ooelB . sinC) + 6 (sinO . cos-4 - oosC . siiL4) 

+ c {sioA . cosB - cosA . sin^) 
=cos(7(a sulB - b sinA) + co8J5(c siii-4 - a sinO) 

+ coQA(b sin (7- c sin jB) 
=0 + + 0=0, 

4. K the sides are in arithmetical progression, so also are the sines 

of the angles ; 

,'. sin-4 + sinC=2 sinJ5, 

or sin>l + sin(-4 + J5) =2 sinB, 

or 2 sinl -4 + -^1 008^=4 sin g- • cos-^- ; 

. / . ,B\ ^ . B 
.', sm( -4 + -g-)=2sin-2 • 

5. (p + c).AD^b.AD + c.AD 

s= 6 . 6 sin(7+ c . c sinJB 
=62sinO+ c2sinJ5. 

A 




Fio. 20. 
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6. Let^J$«4,^a"9,£a»12,andlet^I>bethelmebisectmgz JBJa 

A 




Fro. 21. 



Then, by Euclid VI. 5, 



.A .A 

pin — sin — 






:36 



AD^ 



he 



«.(«-a).(«-6).(«-c) 



+ 1 /=36 



a?hc 



f 



^^{4:7^^+1}- 



36 



• n, 169 „ jr. 6x5 „4 



If sin JL => 2 oosJB . sinC 
8in(B + C) = 2 cosJB . ainC 
sinB . cos(7+ 00&6 . 8in(7s2 cosJB . sinC 
sulB . cosO" oo&B sinCaO 

Bin(jB- C)«»0, and /. jB-C. 
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8. H cos^ . cos^ . »^^° cos^ + cob B 

coaA .coaB 

„ . A+B A-B 
. „ AnA + B'mB 2.sm-g— CQg-^ 

•^^"cos^ + cosS": aTB TTB 5 

2 , cos ;;— • 008- 



2 



c 

^ , C C ^°'"2 
.-. 2 sin— COS-5-— 77; 



sm-2 



.,0 1 .01 
.•.8m»2-Y,or,mn-^--^; 

.-. y «45°, and .-. C«90°. 



9. IfBin2^=sin3B + sin«a 

sin^-4 =-«-• sin*-4 + -5 • sin^-4 ; 
a* or 

,\ a«=ja + c2, and .'. J^=90^ 

Then ^ . r , ^ =00 

.'. a3 + &3=a5(a+6); 
.'. (i2-a6 + 6*a=a6, or, (a-6)2=«0, or, a=6. 
Hence a, 6, c are all equal 

11. c»-=a2+ j2_2a5.cosa 
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12. 



sm4 
sinJS 



a_ 



siiL4+siiLB a+h , 
' ' 8iiL4 - sinJB a- 6' 

. sin(B+C) + siiLB _a-h6 
•*'sm(JB+0)-siiLB a-6» 







6 
a-6 



a 



Now L ADC=B+Y> ty Euclid I. 32 ; 

C a+b 



,\ t&nADC , cot- 



2 a-b 



a — 2 

(13) Draw OT perpendicular to AB. 
Then by Euclid II. xii. and xiii. 
CB^^CIfi+DB^ + 2DB, DB, 
CA^=CI^ + D^« - 2AD, BE, 
and I)B=AD. \ 

.-. CB^ + CA''=^2C^+DB^+DA^ 

4 4 ' 

2^2 4 




(1) 



Examples— XLIX. (p. 157). 

a=V^2i:p=^16=4 

siil4.=— =— ='8. 
c 5 



Hence, as in Art. 168, we find ^=53°. 7'. 48''-4 ; 

and .-. 5=36'. 52'. ll"-6. 
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(2) a=V^^^^=V64=8, 

siiLi = -?. = A = -4705882. 
c 17 

Hence J^=28°. 4'. 20"-9, and 5=61°. 65'. SQ"'!. 

(3) a=Vc^^2=^4oo=20, 

sin.! =-^=??= -6896552. 
c 29 

Hence u4=43^ 36'. lO"'!, and J5=46^ 23'. 49''-9. 

(4) a=Vc2^^=^576=24, 

Hence ^ =73". 44'. 23". 3, and J5=16^ 15'. 36"7. 

(5) a=V?^^=V3136=56, 

h 3^ 
cos J^ =—=—= -5076923. 

C 00 

.-. -4 = 59^ 29'. 23"-2, and £ = 30^ 30'. 36''-8. 

(6) a=c. sul4=13 x -9230770=12 very nearly, 
. 6=V?^^a2"=V25 = 5, 

5=:s22°.37'.ir-5. 

(7) (i=c. sinil=41 X •9766098=40 very nearly, 

6=Vc2^2«V81=9, 
JB=12°.40'.49".4. 

(8) a==c. cosJB=73 x '6575341=48 very nearly, 
6= Vc^ - a2= V3025=55, 

JL=41°.6'.43''-5. 

(9) a^c . cosJB=89 x '4382021 =39 very nearly, 

6= V?r^=^6400 = 80, 
^=25%59'.2r-2. 
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« 
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(10) 6=a-t-tanil=40-^4-4444442=»9 very nearly, 
£=12^40'.49''•4. 



Examples— L. (p. 159). 

(1) 6=Vc2^^=V^89x 81 = 17x9 = 153, 

811Iil = — , 

c 
L sinJ^ = 10 + 2-0170333 - 2-2671717 =9-7498616 ; 
.-. u4 =34°. 12'. 19^-6, and 5=55^ 47'. 40"-4. 

(2) 6 = V?^^= \/729 X 121 = 27 X 11 = 297, 

a 

sin -4 = — ; 
c 

.-. L 9mA = 10 + 2-4828736 - 2-6283889 = 9-8544847 ; 

.-. JL=46°. 40'. 2"-3, and 5=44°. 19'. 57''-7. 

(3) 6 = Vc«^^= \/l681 X 1 = 41, 

8m-4= — : 
c 

. -. i sin J^ = 10 + 2-9242793 - 2*9247960 = 9*9994833 ; 

.-. u4 = 87°. 12'. 20^-3, and J5=2°. 47'. 39''-7. 

(4) 6= Vc23^= V961X 289=31 x 17=527, 

8in-4= — ; 
c 

.-. L smA = 10 + 2-5263393 - 2-7958800 = 9*7304593 ; 
.-. 4=32°. 31'. 13^-5, and £=57°. 28'. 46^-5. 

(5) h = V<?^^«= ^2209x9= 47 x 3 = 141, 

c ' 
.-. j&sin^ =10 + 3-0413927-3-0449315=9-9964612 ; 
.-. 4 = 82°. 41'. 44", and 5=7°. 18'. 16". 
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(6) a= V?^T2 = \^968 X 578 ; 

1 

.-. loga=-2-{log968 + log578} = 2-8739016 ; 

,•. a= 748, and cos-4 = — ; 

c 

.-. L cos^ = 10 + 2-2900346 - 2*8881795 =9-4018651. 
.-. u4 = 75^ 23'. 18''-5, and 5=14°. 36'. 41^-5. 



(7) a= V?^rp= Vl068 X 512 ; 

.-. loga= 2-{logl058 + 9 log2}=:2-8668778 ; 

.'. a= 736, and cos-4 =-— : 

.-. Xco8^ = 10 + 2-4361626-2-8948697=9-5412929 ; 
.-. ^ = 69^ 38'. 56^-3, and J5=20°. 21'. 3''-7. 



(8) a= Vc»- 6«= Vl250 x 32 = 200, 

c ' 
.-. L cosul = 10 + 2-7846173 - 2-8068580=9-9777593 ; 

.-. 4 = 18^ 10'. 50", and £=71^ 49'. 10". 

(9) c = Vfl? + 6*« V76176 + 243049 = 565, 

a 
tanJ=-T- ; 

.-. i;tan^ = 10 + 2-4409091 -2-6928469 =9-7480622 ; 
.-. ^ =29'. 14'. SO'-S, and 5= 60^ 45'. 29^-7. 



(10) c= Va2 + 68= V156816 + 162409-665, 

tan-4 = -r- ; 

.*. L tan^ = 10 + 2-5976952 - 2*6063060=9-9923902 ; 
.*. u4=44°. 29'. 53", and £=46°. 30'. 7". 
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ExAlIPLBS— LI. (p. 161). 

. Height of steeple in feet _^,^^fto 30', and if A be pat for height 
^^' 220 



of steeple, 



logfe=log220 + L tan46^ 30' - 10 

= 2-3424227 + '0227500 = 2-3651727 ; 
.•.^=231-835 feet. 



(2) ^=tan 25°. 10', and if fe be the height of the tower in feet, 
AC 

A=tan25M0'; 
200 

.-. Iog^=log200 + j& . tan26°. 10'- 10 

= loglOOO - log5 + 9-6719628 - 10 
= 3 - -6989700 + 9*6719628 - 10 
= 1-9729928 ; 
/.fe= 93-97 feet. 

(3) J5a=50feet; ^^^0=45°; z5DC=30^ 
Thenil 0=5(7= 50 feet. 

(a) AD=CD-AC 

=jBa.cot30°-50 

= 50.^30*" - 1) = 50.( V3 - 1) 

xx50x -7320608 ... D A 

= 36-6025 . . . feet. Pio. 24. 

03) ^J5=^C. 8ec45°=60. V2=50 x 1*4142 . . . = 70-71 . . . feet. 

(y) BD=BC. cosec30° = 50 x 2 = 100 feet. 




(4) K ^ be the measure of the height in feet, 

h 



140 



=tan54°.27'; 



.-. h=l40 X 1-399364=195-910960 ; 
.'. height is 196 feet nearly. 
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(5) Let PC be the hUl. 




ThenzP^C 

lTBQ 

Then FC 

and PC 

/.JBC.tanPJBC: 

/. 50x1-998= 

whence BQ- 

Hence PC= 



FfO. 25. 



= 32M4',and 
63°. 26'. 
jBOtanPPC, 
JL0.tanP-4C. 
JO.tanP^C; 
(500 + J5C) X -63, 
230 nearly. 
230x1 -998 =459-54 
=460 yards nearly. 



(6) Let B represent the sun's altitude. 

Thentaii^=^^=2; 
75 ' 

.-. j&taii^= 10 + log2= 10-3010300, 

Hence ^=63°. 26'. 6^. 



(7) Let BO be the breadth of the river. 

A Then AC=BC. tan60°, 

andu4C=C?D.tan50'. 

.-. BC . tan60°= (40 + BC) tan50" ; 

.'.BCx V3==(40 + 5COxl-19; 

.-. BC. (1-73- 119)=40 X 1-19 ; 

.-. •54J5C=47-6, 

and /. J5(7=88 yards nearly. 




(8) 



(9) 



Let $ be the angle of inclination. 
Then sin^=:^= -55046. 
Hence ^=33'. 23'. 55''-7. 

Let 6 be the angle of inclination* 

140 
Then sind " 221 " "^^^^^ * 

.-. ^«39°.6'.47''-9. 
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(10) Let PC be the tower ; z FAQ^f>f>' ; z PJBO=48^ 



^P'"smBPJL' 
P^ sin48° 



or -— --= 



3() sin7 
/. P^=30x 



o > 

sin48° 



sm7°' 
and AO^FA, cosPAC=PA . sin35°. 
Hence if 6 be the breadth of the river in feet, ^ ^ 




6=30x8in35'x 



8in48' 
8in7° 



Pio. 27. 



.-. Iog6=log30 + L sin35° + L sin48° - L sin 7' - 10 
= 1-47712 + 9-75859 + 9-87107 - 9-08589 - 10 
= 2-02089; 

.•. 6=104-93 feet 



(11) Let AB be the height of the house, BD the length, C the place 
of observation. 

Then ABC and CBD are right angles. 
Then BC=BD . cotPCD, 

and since cosJ5CD=-7^, cotPOjD=-2 ; 
.-. jBC?=150x-i-=75feet. 
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Again, J^5=J50. tan^OB, 

3 3 

and since fX[\ACB^-j^\»ssAQB='-^ ; 

3 
.*. -4B=75Xy=45 feet. 



(12) Making the same constraction as in Example (11), 
£0=^45. cot405=45 x -|-=75 feet, 
and BD=BC, t&nBCD= 75 x 2 = 160 feet. 



Examples — LII. (p. 174). 

68 + cg-a^ _ 169 + 1600-1369 _ 5 
(1) cos^- 26c " 1040 "13 

12 
.-. Bin^ = j2= -9230769. 

Hence J^=67°.22'.48''-5. 



6g + o»-a' ^ 841 4-14400- 10201 63 
(2) cos^- 2^^ gggQ -gy 

. . 60 
.-. sinul = gy = -6896552. 

Henceu4=43'.36'.10"-1. 



(?) «=y(37 + 13 + 30)=40; 

. -A /27iriO /¥ . 

.-. i sin^ = 10 + Y I "^542425 - 1-1139434 I 

= 10 - -0798504 = 9-9201496. 
Hence A = 112°. 37'. ll''-5. 
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(^) * = -5-(409 + 241 + 600) = 625 ; 



/. Bin JL =^ V« . (a - a)(« - 6)(« - c) 



2 



OOV' 



625 X 216 X 384 X 25 



2. 



1446 

^ 2x36000 ^360. 
144600 723 ' 
.-, L siiLl = 10 + 2-5563025 - 2-8591383 =9-6971642. 
Hence J[= 29^51'. 46^-1. 



tan— 5 — 

2 c-a 



, C+A c + a' 
tan-g- 

^ C-A c-a ^B 

.'. tan a — = — : — . OOtrzr' 

-•"**" 2 c + a 2 
Now c-a= 1859 and c + a= 13419 ; 

C—A a 

/. JD tan -y- =log(c - a) - log(c + a) + JD cot-^ ; 

C—A 
.-. L tan-y = 3-26928 - 4-12772 + 10'40312 

=9-54468. 
Hence -^=19°. 18'. 50". 

C+A 
Also^^ = 68^26'.0"; 

.-. 0=87°. 44'. 50^ and ^=49^ 7'. 10". 



, bulB, 

3- ^^''•iiS' : 



. '. log6 = loga + L sulB - L BmA 

= 1-7403627 + 9-9764927 - 9*8188779 
= 1-89V9V75 ; 
.-. ft =79-063. 
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. •. log& = logc + L BinB - X sinO 

= 2-1613680 + 9-9982047 - 9-8183919 
= 2-3411808 ; 
.-. 6=219-37. 

5. siiL4=siiLB '-T- ; 

/. li sin-4 = li sIilB + loga - log& 

=9-7175280 + 2-7537623 - 2*5465269 
= 9-9247634. 
Hence (me value of -4 is 57°. 14'. 21". 
And since a is greater than 6, ^ is greater than B^ and we may 
have the same given parts in a triangle where A*\% the supplement of 
57^ 14'. 21", or 122°. 45'. 39". 



8. 



-• sinO=-5--sin30°=-T-^ir 

C O i 2 

.*. £=90'', and the triangle is not ambiguous. 



6. sin5=— • sinO=-5--sin30°=-T-^ir=l; 

C O i 2 



7. In the equilateral triangle a^h^c*^ 

A flt' + a'* — a* a* 1 



2a2 2a2 2 

Let ^ = 60°, -=y, and .'. 5:fro=20=10 

Nowtaii:^=^.cot4 
2 6 + c 2 

=:i. V3^ 3'x3* 3^ 
10^ 1 10 10' 

.-. itan— g— =10 + -2-log3-logl0 

= 10 + 1-1928032-1 
= 10-1928032 ; 

B-C 

.-.— 2" =57M9'. 11", 

B-¥ C 
and— 2-=60°.0'.0". 

.-. i?=117'. 19'. 11", and 0=2°. 40'. 49".. 



r 
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9. Let a, &, c denote the sides in order of the given values. 

Thencos^^ ^^-^f-^^ = ^^(^ + y^)^-^ =-^±M-=-L. 



26c 
.-. ^ = 46°. 

Again, 8in£= — sin 
a 



2(l+^/3).V6 2^/6 + 6^/2 ^/2 ' 



._^/6 J__^/3. 

2 * va"" 2 ' 



and . •. C= 180° - (60° + 45°) = 180° - 105° = 75*. 

10. Construct a diagram, as in Art. 213, fig. 2, but with A and B 
interchanged, because B is here to be the smaller angle. 

C 



B 




A2 D 

Pig. 29. 



Let Ci = A2B, and c, = AiB. 
Then Ci = BD - A J) = acos5 - h . cosC^»D, 
and C2=BD + AiD= clcosB + h . cosCAJ) ; 
.'. Ci . Ca= a^. cos^B - 6^. co8^Cy.iD 
= a\ coB^B - 6^. cos^-4 
=a2. (1 - sin^B) - 6*. (1 - sin^ JL) 
=a2-62; 
.'. Ci.Ca + fe*=a'. 



11. 



Let^=64°.12',andA=|. 

c 7 



Then 



6-c 9-7 



6+c 9+7 



2_ 
16' 



8 



And tan — - — =, — • oot-;r 
2 b + c 2 

= ~ • oot32°. 6'. 

o 
H 
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.-. itan^::-^=logl-log8 + Xcot32'.e' 

=0 - 3 log 2 + X tan67°. 64' 
= - -90309 + 10-2025266 
= 9-2994355. 

Hence :^^=11M6'. 10", 

and^±^=57^64'.0"; 
.-. P=69^ 10'. 10", and 0=46°. 37'. 60". 

16 7,5 3 

12. «=-2, «-a=-2 > «-^= 2-^ «-«=-2 • 

B /ibVE /25. 
••^■2=V2:2A6=V2"^' 

.-. icos:|=10 + -|-|2log6-6log2| 

= 10 + 1. 1 1-39Y9400 - 1-6051496 | 
=9-9463953. 
Hence -g-^SY'. 53'. 8', and 5=55^ 46'. 16". 



13. *^^-2-=i:i:6-^^ 

70-35 ^C 

= 70T35-^^*2" 

= yC0t.l8°.26'.6"; 

-4 — 5 

.-. L tan— 2—= log 1 - log 3 + i cotl8°. 26'. 6" 

= - -4771213 + 10-4771213 

= 10; 

. A-B ._o 
••-2 45, 

and ^^^=71°. 33'. 54"; 
.-. A =116". 33'. 54", and 5=26". 33'. 54". 
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Examples — LIII. (p. 176). 

(1) c= V^+6^= Vi6 + 9=5, 

siii-4=-g-='8. 

By the tables sinSS**. 7'= '7998593, 
8iIl53^8'=•8000338. 
Hence -4 = 53°. 7'. 48''-4, and i?=36°. 52'. ir-6. 

(2) ' a=Vc2^^=48, 

55 
sulB=^ = -7535068, 

By the tables sm48°. 53'= '7533721, 
sm48^ 54' ='7535634. 
Hence 5=48°. 53'. 16'''5, and ^=41°. 6'. 43'''5. 

(3) c= Vfl?+P^353, 

272 
sin^ = 353 = '7705382. 

By the tables sin50°. 24'= '7705132 
sin50°. 25' ='7706986. 
Hence -4 = 50°. 24'. 8'''1, and 5=39°. 35'. 51'''9. 

(4) a= V(?^^^F"=40, 

40 

sin Jl = ;?7rr = '0997506. 
401 

By the tables sin5°. 43'= '0996092, 

sin5°. 44' ='0998986. 

Hence J =5°. 43'. 29"-3, and 5=84°. 16'. 30"'7. 

(5) 5=79°.7'.9'''6. 

By the tables sinlO°. 52'= '1885241, 
sinlO°. 53' ='1888098. 
Hence sinlO°. 52'. 50"'4= '1887639 ; 
:.a-=^c, sin^ = 445 x '1887639 = 84, 
and 6= ^02^2^,437^ 



/ 
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(6) ^=43^o'. lo^-a 

By the tables sin46°. Sd'^ 7311653, 
siii47°. (/= -7313537. 
Hence sin46°. 59'. 49"*7 = 7313196 ; 
.*. a^c . sin^ = 629 x '7313196=460, 
and 6= V?^2^429. 

(7) ^ = 38°.34'.48''-a 

By the tables sin51". 25'= '7817019, 
sin51°. 26'= '7818833. 
Hence sin51°. 25'. 11"'7 = '7817372 ; 
.'. 6 = c . sinB=449 x '7817372=351, 

and a=Vc2- 62 =280. 

(8) ^=31°.2'.53"'6. 

By the tables sin58°. 57'= '8567175, 
sm58°. 58'= '8568675. 
Hence sin68°. 57'. 6"'4= '8567335 ; 
.'. & = c . sin^= 349 x '8567335 = 299, 
and a= Vc^-ft^^ 180. 

(9) 5=23^57'.8''. 

By the tables tan23^ 57'= '4441834, 
tan23°. 58'= '4445318. 
Hence tan23^ 57'.8''= '4442365 ; 
.'. h=a . tan5=620 x '4442365=231, 
and c=Va^5rp=569. 

(10) 5=3^ 41'. 43". 

By the tables tan86°. 18'=15'463814, 
, tan86M9'= 15-533981. 
Hence tan86°. 18'. 17"=15'483694 ; 
.'. a=6 . tanJ[=31 x 15 '483694 =480, 
and c=V'a^ + 62=481. 
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Examples — LIV. (p. 177). 
(1) «=246, «-a=48, 8-6 = 192, «-c=5. 



Then tan^ 



V 



A _/{s-h){B-c) 



2 V s,{8-a) ' 
•. itan 2-=10+ 2" ] log 192 + log 5 -log 245-log48 | 

= 10 + -i- 1 2-2833012 + '6989700 - 2*3891661 - 1*6812412 | 

= 10 + -i- j 2-9822712 - 4*0704073 | 
=9*4569320. 

A 

Hence y=15°. 56'. 43''*4, and .'. -4=31°. 53'. 26''*8. 

By a similar method we may find ^=8°. 10'. 16''-4, 
and.-. 0=139". 56'. 16^*8. 



= 10 + 



(2.) «=605, «-a=96, «-6=384, «-d=125. 
2.tan^=l<> + -|-|log384 + logl25-log605-log96| 

^ j 2*5843312 + 2*0969100 - 2*7817554 - 1*9822712 | 

= 10 + ^ j 4*6812412 - 4Y640266 \ 
=9*9586703. 
Hence v=42'. 16'. 25^*25, and .*. ^ = 84^ 32'. 50**5. 

By a similar method we find 5 = 25°. 36'. 30"*7, 
and.*. C=69°.50'38"*8. 
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(3) «=680, «-a=147, «-fe=363, «-c=170. 
i:tan2-=10 + ~ I log363 + log 170-log 680-log 147 [ 

= 10 + Y I 2-5599066 + 2-2304489 - 2*8325089 - 2-1673173 [ 

^10 + Y I 4-7903555 -4-9998262 \ 
•=9-8962647. 

Hence 2"= 38°. 9'. 26", and .'. ul=76°. 18'. 52." 

By a similar method we find -B= 35°. 18'. 0"-9, 
and.-. C=68°.23'.7"-l. 



i tan:^ = 10 + -i- j log 363 + log 202 - log 808 - log 243 I 



(4) «=808, «-a=243, «-6=363, «-c=202. 
A 
2 

«10 + y| 2-5599066 + 2-3053514-2-9074114-2-3856063 I 

*=10 + Y I 4-8652580-5-2930177 I 
= 9-7861202. 

Hence Y=*3r. 25'. 46"-45, and .-. ^ = 62^ 51'. 32"-9. 

By a similar method we find i?=44°. 29'. 53'^ 
and.'. C«72°.38'.34"-l. 

(5) «=416, «-a=a7, «-.6=175, «-c=234. 

i tanY=10 + -|- 1 log 176 + log 234-log 416-log 7 I 

*= 10 + Y j 2-2430380 + 2-3692169 - 26190933 - '8450980 | 

= 10 + Y I 4-6122539-3-4641913 \ 

«10'5740313. ' 

A '" 
Hence y= 76°. 4'. 7", and .'. A = 160°. 8'. 14". 

By a similar method we can, find B^ 17°. 3'. 41"-6, 
and .'. C-= 12°. 48'. 4"'5. 
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(6) ^ B= 180° - (^ + C) = 11°. 25'. 16"-3, 

sin4_29xj6896550_ 
*= ^ • siiLB -1980199 " ^"^' 

sipC 29 X -8193229 
^""^•sirLB"" -1980199 ^^^' 

(7) 1? = 180° - (^ + 0) = 390. 18'. 27''-5, 

sjilA _ 149 X - 9395972 _ 
^■"^'siiLB" -6338400 "^^ ' 

sinC 149x^9438490 __ 
^=^ ' 5S"" -6338400 ^^^' 

(8) ta^-2- = ^T6'^V 



A — H 79 
taii-'2^ = j^^ • ootl6°. 5'. 26^-9, 

X tan^^^ = log 72 - log 130 + L cotl6°. 5'. 26"-9 

= 1-8573326 - 2-1139434+ 10-5399616 
= 10-2833507. 

Hence ^^=62^ 29'. 16"-8, 

and^^^=73°.54'.33"-l; 

.-. ^ = 136°. 23'. 49'''9, and ^=11°. 25'. 16"-3. 

., g.sinC 101 X -5326047 _>,, 

-^^' ^'"ISX "" -6896550 ""^^- 



(9) tan-2-=^75 ^^ 

tan^^=|§ cot48^ 28'. 40^-05, 

I tai^Al^= log 360 - log 442 + i cot48°. 28'. 40^-05 

= 2-5563025 - 2*6454223 + 9-9471473 
=9-8580275. 
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Hence — g- =35°. 47'. 50^-65, 

A. + B 

and -g— = 41°. 31'. 19"-95 ; 

.-. ^ = 77°. 19'. 10"-6, and B=6\ 43'. 29"-2. 
Also, f-. ^' sina ^ 401 x -9926403 

sin^ -9756097 "^^^ 

(10) ian^=?4.cot^ 

- ' A-B 72 

tan-^— = ^^ cotl5°. 20'. 17"-5, 

A — B 
L tan— ^ =iog 72 - log 370 + L cotl5°. 20'. 17^-5 

= 1-8573325-2-5682017 + 10-5617669 
=9-8508977. 

Hence — 2~=35°. 21'. 15", 

and —2-= 74°. 39'. 42''-5 ; 

/. ^ = 110^ 0'. 57"-5, and 5=39°. 18'. 27"-5. 
Also, g-.<t'SinCf_ 221x -5101885 

sin^ -9395972 ""120. 

(11) tan^=?::|.eot£ 

2 a + b ^» 

for.^-^ 48 

™^— 2— ""ITO ' ^*^3°- 29'. 42^*7, 
xr lan—^ =iog 48 - log 170 + i cot33^ 29'. 42''-7 

= 1-6812412 - 2-2304489 + 10*1792962 
= 9-6300885. 

Hence — g— =23". 6'. 57''-3, 

and .—2- =56*. 29'. 42''-7 ; 
.-. ^ = 79^ 36'. 40'', and 5=33^ 23'. 54"-6. 
Also, c=^LLgPp., 109x -9204413 

sul4 -9836064 - ^^^' 
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(12) ta^^-=^T6 • ^^V' 

^-^ 362 
tan— g- =^28 * ^^*^^°- ^^ • 3^"' 

L tan—g— =log 362 - log 528 + L cot43^ 57'. 30" 

=2-5587086 ~ 2*7226339 + 10-0157949 
=9-8518696. 

Hence -"2—= 35°. 24'. 46", 

and ^^^=46°. 2'. 30"; 

.-. -4 =81^ 27'. 16", and 5= 10^ 37'. 44". * 
Ala/. . ft.sinC 83 X -999390 ,^^ 

Also, C = — ; — 57— = =4.50 

' sinB -1844460 *^"- 



(13) tan-^ ^^ . cot^, 

A-B 120 
tan— g— =3gg . cot66". 42'. 22", 

^ A-B 

L tan— g— =log 120 - log 338 + L cot65''. 42'. 22" 

=2-0791812 - 2-5289167 + 9*6545508 
=9-2048153. 

Hence -^ =9". 6'. 16"-6, 

^ and ^^^= 24^ 17'. 38" ; 

.-. ^=33". 23'. 54"-6, and i?=15^ 11'. 21"-4. 

Also, ,^&_LJmg^ l09x -7499700 ^ 
' sin^. -2620086 ^^^' 
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(^A\ +o«^-^ ^-^ x^ 

(14) tan^- = -^ cotg-, 

A — B 72 

tan_^ = _ • cot52°. 1'. 65"-5, 

rx -4-5 

X tan— ^ = log 72 - log 410 + L cot52°. 1'. 65"-5 

= 1-8573325 - 2*6127839 + 9*8923085 

=9-1368571. 
A-B 

and^^^=37°.58'.4"-6; 

* /. J[=45°. 46'. 16"-5, and 5=30^ 9'. 52"*5. 

Also, c=^-?i?^=Mx^9900242^ 

' sulB -6024855 ""^^^ »7. 



(15) tan-^^—cot^-, 

taai^=^cot7^4lM8"-5, 

^ *»^— i^--log 72 - log 410 + L cot7^ 41'. 18"-5 

= 1-8573325 - 2-6127839 + 10-8696637 

= 10-1142123. 

A—B 
Hence — g— =52'. 26'. 54''-l, 

^A+B „ , „ 
and — g— =82^ 18'. 41"-6 ; 

.-. A^l^\ 45'. 36"-6, and 5«29^ 51'. 46"-4. 

Also, ,^^> sine 169 x-2651681 _ 
' sinB -4982927 "^' 
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•' . T. &.sin^ 37 X sinl8°. 55'. 28"-7 
(16) BinB j3 : ; 

.-. L 8iiiB=log 3Y + Z siIll8^ 55'. 28"-7 -log 13 
« 1-5682017 + 9-5109783- 1-1139434 
=9-9652366; 
.-. 5=-67'. 22'. 48"-l, or its supplement 112^ 37'. ll"-9. 

. _, ft.sin^ 565 X sin44^ 29'. 53" 

(17) sm5 -^^ ; 

. •. L sinB = log 565 + X sin44°. 29'. 53" - log 445 
-2-7520484 + 9*8456468 - 2*6483600 
=9-9493352; 
.-. 5=62^ 51'. 32"-9, or its supplement 117°. 8'. 27"-l. 

. „ ft.sinul 836-4 X sinl4^ 24'. 25" 

(18) smB — 2j2^g^ ; 

/. L sin.B=log 836-4 + 1: sinl4". 24'. 25"-log 212-5 
= 2-9224140 + 9*3958630 - 2-3273589 
=9-9909181 ; 

/. 5=78°. 19'. 24", or its supplement 101^ 40'. 36". 

. „ ft.sinul 564-8 X sin40'. 32'. 16" 

(19) sinB -^ 3^^:^ ; 

.-. L sinB= log 564*8 + L sin40°. 32'. 16" - log 379*5 
- 2-7518947 + 9*81 28794 - 2*57921 18 
= 9*9855623; 
.-. 5-75'. 18'. 28"-2, or its supplement 104°. 41'. 31"-8. 

,■ ft.sin^ 8032-29 X sin7r. 3'. 34"-7 

(20) 8in5 ^4^5:35 ; 

.*. i;sinJB=log 8032-29 + Xsin71^ 3'. 34"-7-log 9459-31 
= 3*9048393 + 9*9758256 - 3*9758694 
=9*9048055; 

.•.5=63'.26'.0"-6. 
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Examples— LV. (p. i8i). 
(1) Let^PbethehiU'; z^JBP^eO'*; zC^P= 45°. 




B 
Pig. so. 

ThenCP=PP.tan60^ 

= (^P-100)tan60° 
= (<2P~100). V3; 

• • ^^~ ^3_i= 3^1 ^=150 + 60 V3« 236-602 . 

^2) Let F be the fort ; ^ and iS, the ships. 

Then L F8,8i=36\ 14', and z F8A==42°. 12', 
p and z >8fiP/»a= 180° - 77". 26' 

= 1760 «i°*2M2' 




fett. 



Fia. 81. 



sin77'*. 26' 

•671 
1760 x;^= 1210 yards, 

•577 



and FS, = 1760 x g|°y^o'^g/ = 1760 x ;^= 1040*5 yards 

(3) With a construction similar to that in Example (2), 

Tjfcf oo^ sin85°. 15' „„^ ^9965 

P/»i=880 . gipiio =880 X -j^=459^ y^rds nearly, 

no oo/^ sin83°.45' ^^^ ^9940 

^^^ ^^ • sinir '"^^^ "" T908"^^*^ y^^- 
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(4) Let -4^ be the flagstaff ; BT the tower ; (J the place of obser- 
vation. 

ThentaiLBQ^=tan(^QP-JBCP) 

tan^QP-tanBQP 
l+tan^QP.tanPQP 

205 - 2 -05 1 



'"l + 205x2"5l 102' 
. •. L tanP^^ = 10 + log 1 - log 102 
= 10 - 2-0086002 
=7-9913998; 
.-. Pg^=33'.42". 




Fio. 32. 



(5) Let A be the top of the steeple ; D the top 
of the tower. 

L ^PP=60'' and L DPP=45°. ; 

Then BA^TB . tan60°, 

andPD=PJB.tan45'*; 

:,BA\ PD=tan60'* : tan45° 

= V3 : 1. 




Flo. 83. 



(6) Let PO be the river, CB the column, BA the statue. 
CD =6 feet ; and let a; = breadth of 
river in feet. 

Then tan^PP=tanDPO=— , 

^ .^^ AO 230 
tan^P(;= -pg= — , 

tan.BP(7=— • , 

10 84. 
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Now tan£Pa=tan(^PO- APB) ; 



200 

X 



230_^ 
' . 230 6 ' 

OS X 



224k 



-, or 24a^=276000, or jc2=11500 ; 



200^ 

X a;2 + 1380' 

/. a;= 107*2 . . . feet. 



(7) Let A be the top of the pole ; B the top of the mound. 

z^Pg= 60"; zPPg=30°. 
Then^Q«PQ.taii60°, 
BQ^PQ, taii30° ; 
.\ AQ : PC=taii60" : tan30° 

= n/3: 




V3 
=3:1; 



Fio. 85. 



(8) Let A be the top of the flagstaff ; B the top of the tower. 

A Then z PgP=90" - z ^QP. 

Now^P=^P-PP 

= aitanAQP - tanP^P) 




= a . (cota — tana) = a 



cos^g — sin^g 
cosg . sing 



cos2a ^ 
~ • g =2a. cot2a 



Fio. 86. 
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(9) 



Let T be the place of the second observation. 




Then a=CP 



^PP.coty-c 



=a tana . cot-g- — c ; 



C — K 



2tan-s- 

— — — cot -5- 
a 2 



2 



-1 U 



l-tan*— 
2 



«ll-tan2-|. 



/ l-tan2^ 
2 



cos^- + sm^^ ^ 



:a 



gO . gtt cosa 
cos*— - sin*-^ 



a^c, cosa, and putting this for a in the result of Example (8), 



cos2a 



length of flagstaff =2<; . cosa . cot2a= 2c . cosa • . ^ 



^ C082a o 

= 2c • «- .- - = c . coseco . cos2a 
2sma 



TRJGO 






^O^^ 



rP^^ 



of o^^* 



■tio**- 









ati* 



dS« 



txaly 




»J\\etv» 



rft^eti 



KA 









•-SI 



t^ 



secP 



,ti&e 



-P- 






Xfi^^-i 



sP< 



^ptbe 



\o^ 

\*^^ 









v^^ 



»i^ 



'-«^!ry 



\v 



X *> 



. ^«»ir»'i*' 



♦»*^ 






^i_i"*' 



^*.^» 



^■^ 



^3f 



^ 



^ci*> 
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(12) Since L ADB= l AGB, a circle can be described about ADCB. 




A B 

Fig. 40. 

.'. z ABD= L AGD=^19\ 15', 
and z BA 0= 180° - (40°. 46' + 19°. 150= 120°. 
AD . sin30° 



.-. AB=^—: 



and AD=^ 



sinl9° . 15' ' 
J)C .sinl9°.15 ' 
sinl20° ' ' 



. AB_ sin30° ^ sin30° ^ 2 ^ J_ 
• • DC sinl20° sin60° ^ ^3 ' 

2 

(13) Let X be the length of the zigzag road in miles. 

5 
Then5:12=-3 :«; 

.'. 5a; =20, or 05=4 miles. 

(14) 81 and 8^ are the two positions of the ship^ A and B the two 
objects. 

N B 




Fio. 41. 

Then z M^a= 15' + 45°= 60° 

z £/^=90°(8ince N.W. is at right angles to N.E.) 
z S^ASi = 180° - (45° + 60°) = 75". 

I 
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Then B^^BS% • see . B&S^ 
=6.Bec60°=10, 

and -a;»i- — ^nro-TS :t;:'7ro- — ;^+r"V3 + l 



vxD^AB^ 



sin75' 



^^ 



. .dR m ^^ ^10^3 10V3(V3-1) _ 

(16) Let PQ be the tower. 

Then XQP and PQJS are right angles. 




Fio. 42. 

z P^Q=30*, and z PjBQ=18*. 
Then XQ^PQ . cot30^=PQ x »Jz^ 

JBQ-PQ . cotl8*-Pg ^^l^^tl^. (See Example xxxvi, 6.) 



■'M'i^-']-'^"' 






.-. PQ' 



V(2 + 2V6) 
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(16) Let AB be the staff, G the centre of the ring in the vertical 
line AECy D the extremity of the shadow ; then if DE be drawn 
teaching the ring in E, DE will be the direction of the sun, and CE 
is at right angles to DE, 

Let CE=r, then AB=AD^Sr, and AC==9r. 

.-. CD^^AC^ + AD^^Ubr^, 

and ED^= CD^ - C^= 144r2 ; 

.-. J^i>=12r. 

9 1 

Hence tan^Da=-s-» and tanaD^=— ; 



8 



.-. tan^D^= 



9^ 1_ 
8 "^12 

1-1 
96 



j4 
3 



/. the sun's altitude = tan ~^y' 




Fro. 48. 



(17) Draw DM, EN perpendicular to CB, and let AB, BC, CA be 
represented by c, a, b. 




C M N 

Fia. 44 

Then (72)2= CM« + MZ>* 

9 "^ 9 

CE^^CIP+NE» 

9 "*■ 9 
9 



B 



(EucUD, VL 2, Ex. 1.) 



.^02>3+OT+i)^^f^+f+^^4(a« + 6«>fc^. 
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(18) Let P be the place of observation ; 




Then P^ =a, because L APB=46% 

PiV= a. cot30**= a V3, 
zPPJV= 135^ 

PB^ + BIP-PIP 



Then cosPPJV= 



or cosl35°= 



2PP . BN 

a2 + 5c2_3a2 



2ax 
1 a;2-2a2 



V2 Sosc ' 
•2"" 4a V 



Fio. 45« 



Hence {»*-6aV= -4a*,andx2-3a2= ±>Jb,a^, 
and /. a=a V(3±V5). 



(19) Let P^ be the first tower ; AC the moat ; ED the other 
tower. 

Draw EF parallel to DA. Let fe=height of BA, 

Then since z BEA= L BCA=46°, a circle can be described about 
ABECy and since i P^O=90°, PO is the diameter of the circle, and 
therefore z PPC=90°. 

B Then CP2= CA^ + P^^ = 2^2, 

AndOP2=PC2 + PP* 

=a2 + c« + PP2 + PP2 
F =aa + c2 + (c+/t)2+(fe-a)2. 

Hence 
2^2=a2 + c2 + c2 + 2c/n-^2 + ^2_2afe + a2; 

a2 + c2 




FiGL 46. 



**. h^ 



a-c 
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(20) 



.^ .„ 8ml5 _-^ sml5 
AC^AB ' . ,,^0 =100 • . ,-c 

sin30 




Fig. 47. 



• ^r-ioox^^"^- 1_ 100(V3^1) 
=50(V6-V2)=51-76 . . . feet. 



(21) Since BC points to N.W. the i ^50=45" ; 

/. z^aB=45^ and 40=^5= 10 miles. 




Fio. 48. 

Also, aB= iJAC^ + AB^^ V200= 14-14 . . , miles. 

(22) Let (LI be a line from the end of the shadow in direction of 
the sun, AB the wall, BC the shadow. 

Then tan 405= g^=^=Q-. 



.-. tan 4 0B= 1-125; 

or, 4CB=tan"^ 1*125, which by the tables 
we find nearly equal to 48°. 22'. 




Fro. 49. 



134 KEY TO ELEMENTARY TRIGONOMETRY. 

(23) Let AB be the spire ; BF the tower ; Q the place of observation. 
Then z 5^^=30% and zuigP=32". 

A 




Fig. 5a. 



Now AP^TQ . tan32°=200 x '6:248694= 124-97398 
BP^PQ . tan30"=200 x '5773503= 115-47006. 
/, height of tower =* 115-47 yards nearly, 
height of »piie= 9-503 yards nearly. 



(24) 



to&BAC*^ 



4- — 



Henee, by the tables, z BA C» 35^ 34'. 32% 
and/. I BAD^IU\25'.2S\ 
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HT * „^ ^.B . sml44°. 25'. 28' 
JNext, BV 8ml7°. 47'. 20" 




^3 X -5817759^ y . . . mUes. 

•3055106 

(25) lBAC=\TA^, 

^^=-^<^- 8ml7°.44' • b" 

Hence, by the tables, Piq 52, 

,^ 840-5 X -6432332 j ,>,.,k j i 

^^^ '3045872 y*^^=l^^^ ya^ "nearly; 

.-, -45 differs from a mile by about 15 yards. 

(26) L BCA = 180° - (50'. 20' + 110°. 120 = 19°. 28' ; 

^^ . „ s in50°. 20' 
•'• ^^=^^-siii9^28>- 

.-. log 50=log 2700 + L sin50°. 20' - X sinl9°. 28' 

=3-4313638 + 9*8863616 - 9-5227811 

=3-7949443. 

Hence 50=6236-549 feet. 




Fig. 68. 

Next, if CD be the height of the mountain, 
CB=BCBmCBD, 

= 6236-549 xsinlO°. 7' 
= 6236-549 X -1756531 
= 1095-47 . . . f«et 
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(2V) A 




Fio. 54. 



Let ISC—x feet. 
Then taiL4^jB=tan(^^0- BEC) ; 

t&nABC-t&nBEC 



.-. tanlO'= 



•176327 = 



1 + tmAEC . tan^^C 
60_40 

X X 



1 + 



2400 



•176327 = 



X 

20a; 



.2 



a;^ + 2400' 
and solving this quadratic we get 
a= 85-28, or 28^14. 



(28) 



Let OP be the height of the hilL 




" ^^^ "" sin9°. 28' 

1760 X -0479781 
"" -1644738 

= 513*4 nearly ; 

.-. OP=513-4xsina4P 

=513-4 X -2116091=108-64 . . . yards. 
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(29) Let AB be the tower, B the ship. 

A 




B S 

Fia 66. 

Then jBiSf=^5. cot A^B 
= 150x1-3613350 
= 204-2 . . . feet. 



(30) tan-^=^-p^.cot^ 



3225-77^^jgo^ 43'. 



9541-29 



A-B 
itan^— =3-5086333 - 3-9795979 + 10-4700495 

=9-9990849. 

Hence =^^=44^ 56'. 20", 

and^^^=7r.l7'; 

.-. A = 116^ 13'. 20", and 5= 26^ 20'. 40". 

., b.BmC „,,H.^« -6078379 

^' ^=^SS-=3^^^'^«^ ^4437665=4325-26. 



(31) I jB^iSf,=55^and z BS^^62\ 30'; 
. •. z 8iB8i= 180° - (55° + 62°. 300 = 62°. 30'; 
.\8i8i=B8i=lmile, 

8lB.smBS^8^ 



Then S^B^- 



smB8^ 

Ix8m55° ^ -8191520 
'sm62°.30' -8870108 




= •923497 nules. ^ „ ,, ^ 

FiQ 67. 
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(32) From ^, the lower window, draw EB perpendicular to the tower 
AB ; from D, the upper window, draw DC perpendicular to the tower. 

Then l AEB = 46% 

m6LiADC=40% 

and DG=EB=AB. 

.'.DC=20 + AC 

= 20 + JDC.tan40''. 

20 ^ 20 
1 - tan40" 1 - -8390996 

20 




Fio. 58. 



DC= 



•1609004 



=124-3... feet 



(33) .\ 




Let CD be the perpendicular breadth 
of the river. 

Now iACB= 180' - (50° + 66°) = 65°. 
Q .-. AC=AB=^400 yards. 

Hence CD=AC, sin50° 

=400 X -7660444=306-4178yards. 



Fio. 69. 



(34) Let AB, AC he the lines of the railways, D the point at which 
the train travelling 30 miles an hour is in 24 hours. 

The other train may then be at M or N, points on AB equidistant 
from jD, and such that MD—DN^bO miles. 

N B 




Fig. 60 
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Also, AD ^16 miles. 

Then smAND^ *^^ ' ^^^^f' ^' = A x -5783323 ='8674984. 

60 2 

Hence i AND = 60° . 10' nearly ; 

.-. iADN-=S4\Z0', 

A ^ xr 50 X sin84°. 30^ 50 X -9953962 49-7698100 ., 

^"^^-^ ^35^2(7^"" -5783323 " '5783323 °'^®''- 

,'. rate of train =^|^||||52^ 21 =34-42284. . . miles per hour. 

Next, z DMN= l AND -=60°, W nearly ; 

.-. z^MD= 119°. SO' nearly; 

.-. ZuiDJlf= 24°. 50^ nearly, 

, .,-. AD.sinADM 75 . sin24°. 50' ^^ '4199801 ., 
and AM^ — . . ,^ — = _.„,,^o .^, =75x -^^^^^^ miles; 



.'. rate of train =75 x 



sin^MD sinll9". 50 

'4199801 



•8674984 



8674984 
^2J=14'524 . . . miles per hour. 



(35) Let AB be the base of 600 yards ; C the tree ; CD a perpen- 
diculaiaon AB, 

Then iACB= 180° - (52°. 14' + 68°. 32*) 
= 59°. 14'. 

A 
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H^ow CD ^ AG. BiaG AD 
600 . sin^^C 



. BinCAD 



smACB 
600 . sin68°. 32'. sin52°. 14' 
^ 8in69°. 14' 

_ 600 X '9306306 x '7905115 _ ^^^.>y^^ ^ 
•8592576 ^ 
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(36) Let -45 "be the tower ; C the first place of obsenration ; D the 
second place of observation. 

^ Then AGD and AED are right angles. 
Now AC^AB, cosecACB 

= 100 X cosec50°= 130-54073. 
AD=^ \/(300)2+(130-54073)» 

= V107040-127569 
= 32716 . . . 

sin I ^i>5=45= JS^=-3056608. 




Fio. 62. 



AD 32716 
Hence z ^D^=17°. 47'. 50^. 




Fig. 63. 



Let x= height of tower in yards ; 
tan48'. 20"=tan(^i)C-5i)C) 

05 + 4 



X 



100 100 

a;.(g; + 4) . 
10000 * 



.-. -0140605 = 



400 



10000 + a;2 + 4a; 

Solving this quadratic we get 0;= 134 yards 

nearly. 



(38) Let A be the object ; AB a vertical line meeting the horizontal 
plane through in ^ ; D the point 300 yards up the hilL 




Pio. 64 

Then i BCA=29\ 12'. 40*= z CAD. 
iCDA^ie". 



Then CA = -. 



CD . sinie** 300 x -2756374 



sin29'. 12^. 40' 



•4880290 



=: 169-4392 yards. 
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(39) At the end of three hours each engine has passed over 90 miles. 
Let ABy -4C be the distances traversed. ^^^ 

Draw AD perpendicular to BQ* 
Thenz^-4D=25M(/, 

and BD==AB. ainBAD 
= 90 X -4252528. 
•. BC= 2 X 90 X -4252528 = 76*5455 . . . miles. ^^ ^^ 

(40) Diagram as in Example (37) ; and 05= height of tower in feet. 

tan.4D-B= — =— ; 
150 25' 

a; + 30 X 




. 1 150 150 4500 

'** 25- ^(g+lo) "" a^ + ZOx + 22500. 
"*" 22500 
Solving this quadratic 05=285 feet nearly. 



Examples — ^LVL (p. 199). 

1. Area=— - ] 10 x 12 x sin60° > square inches 

— (eo X ^) square inches =30^3 square inches. 

2. Area=— j 40 x 60 x sin30° > square feet 

= (1200 X -i- jsquare feet « 600 square feet. 

3. Area=-|- 1 4 x 3-t C square feet«7J square feet. 

4. Area=V«. («- a) . («-6) . («- c)-V8 x 3 x 2 x 3=4 x 3 

=* 12 square inches. 

5. Area=Vl017 x 392 x 512 x 113=^9 x 113 x 8 x 49 x 8 x 64 x 113 

«(3 X 113 X 8 X 7 X 8)«=151872. 
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6. Area= V644 x 136 x 376 x 34=Vf7 x 32 x 15 x 9 x 126 x 3 x 17 x 2 

= 17x8x9x26=30600. 

7. Area=V685 x 8 x 512 x 66= V6 Xl3x9x8x64x8xl3x5 

= 5x13x3x8x8=12480. 

8. «.(»-c) = ^ ^ 

4 

4 

_2a6 
" 4 

SB— = area of the triangle. 



^ . /146-27 41-21 48-75 56-31 

9. Area=/y/-^--x-^x-^x-^ 

.'. logarea=^ J logl46-27+log41-21 + log48-75+log66-31-41og2 > 

=i- 1 2-1661653 + l-6i50026 + 16879746 

+ 1-7605865 - 1-2041200 | 

« 3-0072990 ; 

.-. area= 1016-9487. 

10. Let a, 5, c be in descending arithmetical progression ; 

thena+e=2&. 
Thus the perimeter is 36, and the side of an equilateral triangle of 
equal perimeter is 5. 

Then V,.(a-a)(«-6)(«-c)=|- • ^ • ^*- ^^^% 

2 I 3/^3 

or-jY^(a + 6 + c)(6 + c-a)(a + c-6)(a + 6-c)— ^6', 
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V(6 + c - a) (a + 6 - c) = -r-6 



10ac-3a^-3c^ ^ 9 /q2^g2\ 



3c — a 3a — c 3 /^ , v 

— • = — la + c) 

2 2 10^ ^ 



Solving this quadratic we get ~ = -i- or -=- . 

3 7 



Hence the sides are proportional to 7, 5, 3. 

r S3 — • 

26c 2 ' 

and.-. ul = 120^ 



Then cos J =• 



11. Let AEB be the triangular part turned down. 

Then area of AEB=1.AB.AE. 

2 




PiO. 66. 

But 35=5^, ty similar triangles AED, BAG; 

.-. area of AEB^^AB-^—^ 

1 A& 



2 50 



1 AB^ 
2 



(OD-^Cf) 
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12 A^o _^ ^^ ' ^"^-A. _ h Binud . c sinud _ a bulB . a sinC a' sjilB . sinC 
^ 2 2 8iiL4 28m3 28m(^ + 0) * 

13. «"^2--Bm-.8m-^(^-j^ + _^+^-^) 

= AEMz^. .ITEMED . .f^MEh. 

^ be ^ ac ▼ a6 

V'2Sr'*"W'""2^/ 

_ (8— a)(8-6)(8~c) o5c(a + & + c) 

g.(8 - a)(8 - b)(8 - c) _ Q 

14. ^="Ta andr= — ; 

4o S 



. dbc 28 
"48~~i' 



a6c=M! 



8 

=8(«-a)(«-6)(«-c) 
= (6 + c-a)(a + c-6)(a+6-c). 
Squaring both sides, — 
a«6V={a + (6-c)}{a-(6-c)}x{6 + (a-c)}{6-(a-c)} 

x{c + (a-6)}{c-(a-6)} 

= {a2 - (6 - c)2}{62 - (a - c)^{(^ - (a - 6)2}. 

Now this equality can only exist when a=6=c, for in any other 
cafle each factor on the right-hand side is less than the corresponding 
factor on the left-hand side. 

^ B + C . B-C . B-C 
2 cos — ;r— • sm — r— Bin- 



jg 6-c ^ sinJ5-sinC _ """° ^ Ji 2~ 

a BmA rt . -4 A A 

2 8m~*cos-g ^^o~ 



„ \ A . B-C 
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16, OA bisects l Ay and "FB at right angles ; 

/. areajPOJ&=jPH.Ofi^ 

A . A 

=» r COS--- • r sin-r- 

2 2 

"=r*'YsinJ. 

^ B 
"«2* &<? 




,%, by symmetry, 
.2< 



_ J_ fr.(<-a)(<~5)(<-c)}l 



K 



•8 



*{(.-a)(«-6)(.-c)}'. 
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17. Area of quadrilateral 

=i-| EA,AD + DA,AC+BA.AC+BA.AE IsmA 

=1 1 (EA + AC) .^D+ {EA + AG)BA \ sin^ 

^^EC.BD.miA 
2 

-. — aJb,^mA, 
2 




Pig. 68. 



18. 



2 'sinC^ -B)" 2sm(.4-£) 

__ a6 sinM - a6 sin^^ a&. sin(^ + B), Bm(^ 
2siii(^--B) 2«m(,A-B) 

_ab^\n{A + B) 



-B) 



2 

a^.sinC 



=area of tiiangle. 



19. 



B= 



a 



a 



2 BinA aJ2 



^=JL= 



loft 



« - a 2a + c 

-2— « 



' c ^a^2^ ^2 ' 



•'. 22^6 f^. 
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20. cot(B - -4) + cot2M + -g) = cot(5 - ^) + cot(2u4 + 0) 



1 + cot.B . cot J. 1 - cot2^ . cotO 

cot2 J. + cotO 

1-0 



C0t5 - COtJ. 

1 + 1 



tanJ - cotJ. cot2-4 + 
2 2 tanud 



tan J. — cot-4 1 - tan^-l 
2 tan^ , 2 tan^d 



tan^J. — 1 1 — tan^-4 



=0. 



«, 2a5c -4 B 

21. — -£ — • C0S-5- • cos^r- • cos— 

a'\-h'\-c 2 2 2 



"a + b + c ' ^ be V ac 'V 06 



2a5c 



8 



= V« . (« - a) («- 6) (« - c) 
=area of triangle. 



22. 



sm2u4(2a + c)» sin2u4 . (2^)^ 



32. cos 



4^ 



sin2u!l . 6 V 
'l8.(«-a)^ 

sin2ud . 6V 

■;£ 

*— ^-g — = 6^. sin Jl . cos-1 = 6^. sin^ . ^r 




=-Q^bc,amA 
=area of triangle. 

A 

.'. area x 32 cos*— = sitt2 Jl . (2a + c)K 
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23. 



^D=6.8inC, .•.,-4D.6=6*.sinC. 
AD=c . smB, .*. , AD . c>=(^. siiLfi. 

A 




Pi«. 70. 

.-. AD{b+c)^b^.anC+i?.tanB; 

hh mC+<MnB 
b + e * 



/. AD^- 



24. (1) 



JBD=r.cot^ 
CD-r, 00*^; 




.'. r.(cotr^ + Qoir^j^BD+CD^a, 



.% r= 
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(2) From the preceding Exampl 



r=« 



. B . G 
a sm-^ • sm-^- 



Sin 



2B . sin J. . sin-Q- • sin-5- 
A 

COSy 



, by Art. 221. 



(3) Let be the centre of the escribed circle touching BG and the 
other sides produced, as in diagram to Art. 223. 

Then BD^OD, cot OBD^n . tan-^ , 



and GD=OD. cotOOD^ n . tan— • 

2 

.-. Bi)+Ci>=n(tan| + tan^); 



.*. ri= 



a 



tan-g+tan— 




F10.72. 



(4) By the preceding Example — 

B G 
a . cos-Q- • cos-^- 

*■' — . B+a 

sin — = — 



B G 

2B . sinJ. . cos--- • cos^ 

3 

cos^ 



A-D A B G 
»4/(.sm-~-cos-x- 'cos-s-' 
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(5) 



.p . ^ B G 
ri = 4« . sin— . cos-g- • cos—, 

.■D A . B C 
r2=4ic . cos-^ • ^^^~^ ' ^^^"o"' 

r8=4E . cos— . cos-^ • sin-^ ; 

A i B C B C\ 
ri + ri+ r»=4jB . cos— . /sin — • cos— + cos-^- • sin-Q- ) 

+ 4JB . sm— . cos— • C0S-5- 

*= 4B . cos—- . cos— + 4JB . sin— . cos— • cos-^ 

*= 2iJ . (cos-4 + 1) + i2 . (cosB + cosC- cos J. + 1) 

Ex. XLViii. 12. 
*= 3iJ + lJ(cos-4 + cos£ + cosC). 



2i2sinJ[ , sin-^ . sin— 

(6) B.^r--B^ 3 by (2) 

cos- 

«iJ + 4B • sin—- . sin-:r- • sin-:r 
2 2 2 

=12 . ^1 + 4sin^ . sin-| • mxa^ 
*= i2(cos-4 + cos5 + cosC). 



Ex. XLVIII, 8. 



25. Let r be the radius of the circle. 

Then area of inscribed polygon of 2^ sides ^nr^. sin— ; 



n 



area of inscribed polygon of n sides: 



nifi . 2ir 

2 9» 



area of circamscribed polygon of 4^ sides *s 9^9^, tan— « 
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And(rf.sin5)><(«,^.tan^) 



»'.r* „ . IT IT 

!— s — 2sm — • cos — 
2 n n 



=iiV. sin* — 
n 

= (nr".sin— J . 



sin — 
n 

It 

COfl — 

n 



(• 



n/ 



26. Let 0, M be the centres of the inscribed and escribed circles. 

A 




Then M0=M4-0^ 

A A 

=rxOOBec-- - r . cosec— 

2 2 

=(ri-r)oo8ec--- 



= < 4B . sin— . oos^ • cos-g- -4B.8m^ • sin-s- • sin-^ { cosec—- 

(By Ex. 24.) 
=4i< < cos-g- • cos-^ -sin-5- • sin-^- > 



=422. sin— . 
and similarly for the other escribed circles. 
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(27) Let DBF be the triangle so formed. 

Then since ttf:*:-?-, A 

CD h^ >^ 

So also, CD^^, and similarlj for the^ ^ 

+ C Pig. 74. 

segments of the other sides. 

Then area CDE^\ . ^ . _?L . sinC^, ^t^ ,. 

2 6+c a + c (a+c)(6+c) 

Similar expressions may be obtained for the areas of BFD^ AFE, 

.•.areaofD^jP=;Sf|l-7 ?*-_-_45 ,._-^?L_.| 

( (a+(^(6 + c) (6 + a)(c+a) (c + 6)(a + 6)) 

^ 2a5c.i8f .^qq tt & c 

'*(a + 6)(6 + c)(c+a)" 'h + c ' c+a ' a+b' 

. A 
yr _a sinJL 2 

' fc + c'sin^+sinC"""!*" 

cos 



2 
> B . C 

h 'y and-5-«-!!!l. 
e-^a^ C-A* a + h A-B 
coo 2 oo o g 

areaP^JP 2 sin^ - sin| » smf 

area ABC T^T? ^TT^ 3^' 

cos — s — • COS — X — • cos- 



28. riri + r^a+r^i= 



2 ™ 2 " 2 

8^ . 8» . 8^ 



{s-a)(8-by {s-b)(8"cy (8-c)(B-a) 
«<.(«-c) + «.(«-a)+«.(«-6) 
««.{3«-(a+6 + c)} 
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29. 



flin A T)R AB 

mLA.BG AC 
wnACB'AB 

,\ since siiL4i>B=siiL4CB, 

miBAD ^BD . 
• BiiL4^0 AC' 

/. ^OsiiL4=5D.siiLB. 




Pig. 75. 



30. Let 0, P be the centres of the inscribed and one of the escribed 
circles. 

Then OB and PB bisect the interior and exterior angles at B ; 
and .*. GBP is a right angle. 

Hence GBPC is a quadrilateral round which 
a circle may be described. 

Then GP=GB. bqcBGP 
= GB . sec BOP 

= GB . coseo^' 



AndOJ5= 



A . A 

c.sin-5- c.sin— 

cos^ 




.-. GP= 



c , sin— 2c . sin Y 2{* . sin g- 



a 



vc c 



sinC 



mi A 



cos^ 



Similarly OP^ 



cos 



2 



c 
cos^ 



2 
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,, A B G '•"4 

31. r . cos— • cosec-g- • oosec-^= ^ p > 

sin-g ..sin 2- 



V 6c 

/ {s-a).{8-c) / (a-hXa-a) 
^ ac y^ ah 

a,j8 



V(«-a)(«-6)(«— c) 

' s * V(«-a)(«-6)(«-c) 
a. 



Oft X ^ i. -B . . 



^^ /(s-c)(s--b) /{s-aXs-cj /{s^b){s-a) 
V a.(«-a) ■*"V «.(«-6) •*"V «.(«-c) 

_ (g-c)(g-6) (g-a)(g-c) (g-5)(g~a) 
8 '^ 8 "^ S 

+ (a + c-6).(6+c-a) I 

=^. {a5 + ac + 6c^^' + ^' + <^ + y^ + ^-^^^j 
ab+a4i + he «* 



;8f iS 

\a 6 c/ r 



! 
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33. P-4 . BC^BA . PC+AC. BP 

smA sin (7 sinB 



(Euclid, vi. D.) 



and 



BCBA" AC 




\ PA . sul4=PC. sinC+PB . sin-B. 



34. Each of the angles at 0*=120^ 

Let OA, OBf OC be represented by di, d^, d^. 

^'^df + da^ - 2did, . 008120** ; 

. /. c= iJd^^d} + dxd^, 




Fia. 19* 



Similarly for a and 6. 
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35. Let OA^a, OB^h, OG=c ; i OBA=B, and let a; be the side 
of the square ABCD, 

Thenz 0^0=90**-^, 

and a2=a;2 + 52 _ gj^. ^g^ . 

.-. 26a;cos^=a;2 + 6a-a*, 
Pig. 79. 26a; sin^= o^ + ja _ ^2^ 

Squaring and adding these equations, 

46V=aJ* + 2(6«-aV + (2>^-ay+aJ* + 2(62-cV + (^-c2)8; 
/. 2a;* - 2(a2 + c2)a;2 + (^2 + ^2)2= 2(a862 + aV + 52^2 _ j4)^ 

and x=^— I a2 + c2± V4(a262 + aV + 6 V - 6*) - (a^ + c^: 

(Gaskin's Solutions of Trigonometrical Examples.) 

36. Let -450 be any triangle described about a circle. 

A 




PiQ. 80. 

Then area of ^5C=area of ^ 05 + area of BOC+ area of ^ OC, 
/. area of ABC^-a- . re + -^a + 4-»*&. 

22 2 2 

.*. since r is constant, 
area of ABCcc{a + h-\'c). 
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37. 



/3=J5^=6.BiiL4, 

. c? he, sjilB . sinC _&c 
" j37~*6c.siiL4.smJ.'"a' 




^ ay h^' ap c* 



38. Let -4 be the observer on the sea-shore, the earth's centre, 
BC the mountain whose height = 1284*8 yards— '73 miles. 
Then since is just visible from Af 
AC is a tangent at A, 
Join OA and produce it to D, making AD^Z 
miles ; then z i>CLi wrangle of depression of C £rom 
D»2M6'. 

Then ^0-3. cot2M6' 
log -4 a«= log 3 + X cot2^ 15' - 10 

« -4771213 + 11-4067168 - 10 
*» 1-8828381; 
.-. -40=76-3551. 
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Let OAy the earth's radius, =r ; 

.-. -402=5C(2r+^C) = -73(2r+-73), 

and log (2r + '73) = 2 log JIC- log -73 « 3*9023533 ; 

.'. 2r+ -73 =7986*4; 

.-. r=3992*835 miles. 

(Gaskin's BoMU/nA of, Trigonometrical Examples.) 



39. Let ABC be the triangle, CO=h, BO^a, 

iBAD^e, and .'. i CAD^m'*-B. 

Let AB=x. 

Then a;.sin^=a, 

a;sin(60°-^=6; 

. sin(60^-^ ^6 

Bind a ' 

. V3 xii 1 ft 
.^ 3& + a 

... .^a.cosecd«^a2.,4^^-^^ + a^^2^g±g±g (Gaskin). 




ulJB=^i)+i)jB=3i)J5, 

.-. BE:=^AB=3DB; 
/. DE=BE+LB=4DB. 

Then, by Euolid, vi. L 
aOBD: lACD*. lABC: lCDE 
Fio. 84. «I>5 :AD:AB:DE 

«1 :2 :3 : 4. (Gaskin). 
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41. 



E.sin^=|-,byArt.221; 
.-. Br . (sin^ + sIilB + sinO) 

2 / 



-f 



=area of the triangle. 



42. The circles have the same radius because -^=2^^^ 
In the example given, sin50°. 15'= '7688418 ; 



. p= 5?i_=: 366-785. 

• . J.V ^~ T.i — ^»^^ »»w— 



43. Call the angles ac, 



1^5376836 

x + y x + 2y a; + 3y ^ 
"^^ 2 ' 3 ' 



44. 



_ a; + 2y ^ 
anda;+— 2"^=^ 

.\ 14a; + 15y=127r| ^ 
3x + 2y«27r ) 
67r J 8ir 

Hence aJ= 37 ^ '^ 17 ' 

, 67r 7ir llw lOw 

.-. the angles are — , -pj> "jy > "Jt" 

(1 + cotPCJl)' V Fm) 
(l + cotP05)«""A^CMy 

(PM- 0M)« 
""(PJlf+OM)» 
CI^-2CN.PN 



CN,CD-2CN.PN 
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M B 



CN.CD + 2CN,PN^ 

C O-PN ^ CB-CM BM_ coiPBA 
'CO+PN''AO+CM'"AM''QotPAB' 
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45. r+ra + r6-re=i^ + ~^-j ^ ^ 



8 8-a 8-b 8-C 

_8{28-a) 8.(8-c-8 + b) 

"«.(«-«) (8-h){8-c) 

«.(«-«) («-6)(«-c) 

^6{2«*-«.(a + 6 + (.)+6c} + c{-«(& + c-a) + 5c} 

8 



8 



46. Let C be the right angle ; then, by Art. 223, 

^ a c+b-a 

4 
. «!«-a'+2ffl6-6» ,._ah ,^. 
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47. E 
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Using the notation of Art. 228, 
OB=4000 miles, 
0^=0B. sec. r. 68'. 10* 
«=4000 X 1-006910 
to 4002-364. 
.'.ulJ?« 2-36... miles. 
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48. Using the notation of Art. 228, 

sec ^05=^5^1^ = 1-0003125, 

and, by the Tables, sec \\ 26'= 1*0003130. 
Hence dip of horizon = 1". 26' nearly. 

49. Let A be the man's eye ; B the lamp ; C the centre of the earth. 

Then ^D + DB=52800 feet. 

And, if the radius of the earth be B feet, 

^2)2=6(212 + 6), 
jBD2= 32(212 + 32). 

B 
A 
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Hence, approximately, Vl2S + \^64B= 52800, 
or, V-R • (4 + V3) = 26400, or, V-B ^ 13 = 26400(4 - a/3) ; 

26400 X 26400 X (19 - 8V3)^iies= 401779 . . . miles. 
13x13x1760x3 

50. In 72 minutes the ship travels 12 miles. 

Then using the notation of Art. 228, 

BE^ = CE.EA, 

/^ . • ^0 \ _90 
V 5280/ ' 5280 

= CA . — - nearly ; 
5280 ^ 

. •. 0^ = 144 X 528 ^ ^g ^ 528 = 8448. 
9 

.'. radius =4224 miles. 
L 
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51. Using the notation di Art. 228^ 

008^05=^=35^. 

.-. Xcos^OB= 10 + log 3956 -log 3959 

= 10 + 3-5972563 - 3*5975855 

=9-9996708. 

Whence, by the tables, 

JErOB=2M3'. 50^ 



52. Let r be the radius of a section of the earth, made by a plane 
through its centre perpendicular to the line joining its centre with the 
sun's centre. Then if ^ be the circular measure of the angle sub- 
tended by r at the sun's centre, and d be the distance between the 
two centres, 

T 

-j==tsin6=6 nearly, since 6 is very small, 
r 8-868 



.-. d= 



• • d 57-29577 x 60 x 60 

57-29577 x 60 x 60 x 400 
8-868 

206264772 



2-217 



= 930377861 . . . miles. 



53. Using the same notation as in Ex. 52, 

tan^ = ; 

241118' 

.-. i tan^=l& + log 4000-log 241118 

= 10 + 3-6020600 - 5-3822296 
=8-2198304 

Hence, by the tables, 

^=57'. l"-5=nearly. 
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54 Let ^, £ be the two points ; then AB is a tangent at its middle 
point D to the earth's surface. 

AD = DE nearly = 4 miles, 
-4^=10 feet=r2g7;miles. 

Let C be the earth's centre, and CD—r, 
Then AEi^r + AE) = AI^. 
.*., approximately, AE . 2r=-4D^ ; 
16 X 5280 






10x2 



=4224 miles. 




55. The limit of deviation is the angle subtended by the radius of 
the target at a point 600 feet distant, and if this angle be denoted 
by^ 

600 
.*. ^=tan"^-0OS. 



56. Regard the moon M as the base of a cone of which E^ the eye 
of the observer, is the vertex. Then iS, 
the shilling, will intercept all the rays 
of light from ML to E^ when it is so near 
to iS that lines from E to the circum- 
ference of B do not, when produced, fall 
within the circumference of M. 
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This work is divided into three Periods of convenient and handy 
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It will also be issued in one complete Volume. 

Period L—MEDiiGVAL Monarchy : The departure of the Romans, to 

Richard III. From a.d. 449 to A.D. 1485. 4^. td. 
Period II.— Personal Monarchy : Henry VIL to James IL From a:d. 

1485 to A.D. 1688. 5^. 
Period IIL — Constitutional Monarchy : William and Mary, to the 

present time. From A.l>. ittS to A.D. 1837. [In Siptember, 

" Amid tho numerous crude and hastily " It is a critical and thoughtful ezamina- 

compiled historical manuals that the press tion of the growth kX this great nation ; and 



is now pouring forth, it is a relief to meet while the facts are given always with 

with a piece of sterling, careful work lUce deamess and force, the student is led to 

diis first instalment oi Mr. Bright's Ejig- understand'and to reflect not merely upon 

lish History. ... A carelbl examination the events themselves, but upon a nunDer 

of its pages can hardly fail to suyyst that of interesting and important oonsiderations 

it has cost the comber a great deal o£ arising out of these events." 

trouble, and it likely, in consequence, to School Bomri ChromcU. 

save both teacher and learner a propor- " A model of what a clear, attractive, 

tkMiate amount. For the use for which it well-arranged, and trustworthy manual of 

is especially desinied-Hhat of a text-book historical information ought to be." 

in our public soiools— it is excellently GLu^^om Herald. 

9dxpiitd.**^-AauUmy, ** VUle can tpitdk with entire satiafaction 

" An air of geod common sense per> of the style m which the woclt is done, 

▼ades it; the style is entirely free from Mr. Bright's is a ludd, steady, vigorous 

affectation or inflation, and is at the same style, w&ch leaves nothmg in doubt, and is 

time tolerably dear and easy to follow." comprehensive and thoroughly practical." 

Athenamm, Lwerpool A^ion. 

"We do not know a book more suitable "Admirably adapted for the purpose 

for school use, or one more likdy to stimu- intended, and should rank high as a text- 

late in boys an intelligent interest in con* bode in sul educational establishments." 

stitudonaf and social history. We confess CMi Servke Goaetie. 

to having read the greater part of it with a " Mr. Bri^ has done his work, as it 

very tta^fhKUiatt.*~-^E€buatianml Timet. seems to ui^ m a very eamful manner." 

" It is written in a dear, straightforward, ScoUman. 

sensible way, and contains as much in* " The narrathre is dear and oondse, and 

struction as possible, put in a way that can illustrated by useful plans and maps." 

be easily understood.'^— ^jraiwiSMr. Netee amd Qmcriet. 

{See Specimen /^, Mo, i.) 
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College^ Cqmbridgi. .3^. 6^. 

contents. 
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I 

Orig^ of the Kngljdi Institutions-^The People— rL>ocal GovexxiiieaL 

^txMtatm of tDe (iCenttal 9ut{)orit2* 

The RinjB^Parliament— The King's Council 



X.egislation— Judicafeure— The Execvtive-^Taxadoii— Chronological Table. ^ 

Index and Glossary. 

English History in the. XIVth Century. 

By Charles H. Psarson,. M.A., JMncipal of the Presbyterian 
'LadUi College, Melbourne, late Fellow of Oriel College^ Oj^ordf and 
Professor of History in the University of Melbourne, 

CONTENTS. 

* Tntrodudtion — State of Scotland In , tihe Thhteenth 'Century — ^Miseoyennnent of 
Edward ll'.— Death of Edward II.— Firtt Years of Edward III.— The War with France 
-^Subjugation of France — ^The Loss of the French Conqaests>-The Results of Foreign 
Aggression— The Minority of Richard II. — Richard's Oovemment— 'Richard's Tjrranny 
and Fall. 

The Reign of Lewis XI. 

By P. F..WiLLERT« M.A., Fellow of Exeter College^ Oxford. 

With.Map. 3J. 6</. 
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HISTORICAL HAJV/>MOOirS--CQa^vi,(^ 

The Roman Empire. a.d. 395-800, 

Sy A. M. CuRTXis, M.A., AssUtanU Master at Sherborne School; 
iate Fellow of Trinity College^ Osiford, 

With Maps., y, 6d. 

CONTENTSu : ; 

Administrative and Le^ Unity— The Christian Church is the First Four Centuries-^ 
The Barbariaae <m the Fxontier^entary IV.— Church and State in Constantinople, 
Eutrdpius and Chrysostom^Chrvsostom and the £mpt«ss Eudoaeia—AIaric and the Visi- 

foth& 306^419— Genseric and the Vandals, 433-533— t^fttfla and the Huns, 435-453*- 
'be '' Change oC Government, '^ oommonly called the Fall of the Western Empire, 475-536 
—The Emperor Justinian, 587f7s65— *The Empire in relation t» the Barbarians of the East, 

150-650— Mohainmed and Mohammedanbm, 639-71 i«^The Popes and the Lombards in 
^y* 540-740— The Franks and the Papacy, 500-800— Synopsis of Historicsd Events — 
Index. 

MAPS. 

Central Europe, about a.d. 400 —The Roman Empire at the beginning of die sixth 
Century.— Italy, 600-750.— Europe in the time of Charles the Great. 

"We have veiy ciMfiily co(4mi«ed (He teachittg*. Mr. Cutteis*' little book is admi** 

chapters on the * Barbarians,' the Visigoths, rably written for teaching purposes ; it is 

the vaiidals,aiidthe Buns, and can pro- dear, definite, well-arranged, and inter- 

nounoe them the best condensed account . esting." — Academy, ^ 

that we have read of the westerly migra- "Appears to <be a good school book for 

tuan&,**^'Ath»rutmm. the higher forms." — Westminster Retnew. 

** An admirable specimen of careful con- " Will prove of freat service to students^t 

densation mid good arrangement, and as a apid^wfe dopimend it to the notice of those 

school book it will assuredly possess a high who intend competing in the Civ^ Service 

i^«ie.''— ^<«/r«AM«L'' ' ,'/ Examinations. Mr. Curteis has executed 

" The period with which it deals is ^ his task with giio»t care and judgment.'' 

neglected in schools for want of text-books, * ' Ctvil Service Gazette, 

but is full of most important historical r i" 

History of Modern English Law. 

Sy Sir Roland Knyvet WliiSONy Bart, M,A., Barrister^- l^jjji 
late Fellow of Kin^s College^ Cambridge. 

\ y,6d, 
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History of French Literature. 
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Am cmdIcBt wuumuIL •^^mmmvmm. ft Vi'^'^ sin sinEocBt JumdnooiCi ""^i 

'^Adcrcradapcariiik''— Z«tidb»<?lM»*. Qmmritrif Mtmitm. 
UrhMgvifm, *'We c— ot too Ugyy cowirnd this 

"It M dear, Hiniaarif, aad iOTriafc cvcftd«MlvmortkedianM:t«rittia< 
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The Great Rebellion. 

By tke EDiTOft. 

History of the French Revolution. 

i^i^lrRer. LFRAMCKBuGaT,M.A^ PiUom •/ Ummrtity CoUege; 
€md Historical Leeimrer in BaiUol^ New^ and Unkftrsiiy Coikga^ Oxford ^ 
iaU Moiter oftht Modem School ai Marlborongk College. 

The Age of Chatham. 

By Sir W. R. Ansoh, Bart., M.A., Fellow of All Somli CoUege^ and 
Reader of Law^ Oxford. 



The Age of Pitt. 

/^ the Same. 

The Supremacy of Athens. 

i?y R« C. JSBBy M.A. Cambridge^ Professor of Greek in the University 
of Glasgow, 

The Roman Revolution. From B,a 133 to the 

Battle of Actiimu 

By H. F. Pelham, M.A., Fellow and Lecturer of Exeter College^ 
Oxford. 

History of the United States. 

By Sir Gbo&ge Young, Ba&t., M.A., laU Fellow of Trisuty CoUege^ 
Cambridge. 

History of Roman Political Institutions. 

By J. S. RxiD, MX., Christ s College^ Cambridge. 
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HISTORICAL BIOGRAPHIES 

Edited by 
THE REV. M. CREIGHTON, M.A., 

LATB FBLLOW AND TUTOR OP MBSTON COLLSGB, OXFORD. 

With Maps and Plans. Small 8vo. 

The most important and the most difficult point in Historical Teaching is to awaken 
a real interest in the minds of Beginners. For this purpose concise handbooks are seldom 




beforehand and show its direction, but they will seldom allure any one to take a walk. 

The object of thb series of Hbtorical Bio^praphies is to try and select from English 
History a few men whose lives were lived in stimng times. The intention is to treat their 
lives and times in some little detail, and to group roimd them the most distinctive lieatures 
of the periods before and after those in whidi they lived. 

It is hoped that in this way interest may be awakened without any sacrifice of accu- 
racy, and that personal sympathies mi^ be kindled without fbrgetfulness of Uie principles 
involved. 

It may be added that round the lives of individuals it will be possible to Imng together 
facts of social life in a clearer way, and to repro^ice a moxe vivid picture of particular 
rimes than is possible in a historical handbook. 

By residing short Biographies a few dear kieas may be foimod in the pupil's mind, 
which may smnulate to farther reading. A vivid impression of one period, however short, 
will carry the pupil onward and give more general histories an interest in diar turn. Some- 
thing, at least, will be gained if the pupil realises that men in past times lived and moved 
in the same sort of way as they do at present. 

The following Biographies: — 

Now ready, 2x. 6d. each, 
I. Simon de Montfo&t. 2. The Black Prince. 

In proration, 
3. Sir Walter Raleigh. ^ Oliver Cromwell. 

5. The Duke of Marlborough. 6. The Duke of Wellington. 

History of the Church under the 

Roman Empire, a.d. 30476. 

By the Rev. A. D. Crake, B.A., Chaplain oj All Sainti Scho^l^ 

Bloxhanu 

Crown 8vo. 7x. 6^ 

A History of England for Children. 

By George Davys, T>Jl>., formerly Bishop of Peterborough, 

New Edition, i&no. u. 6d, 
With twelve Coloured Illustrations. Square cr. 8vo. y, 6d* 

^ ^ m ■■- ■-■ I ■■■! ■■- -■■ — ■■■■-■ ■■■■_ ■ !■■■■■ I II .IP m^ . — ^— ^B^ 

LONDON, OXFORD, AND CAMBRIDGE. 



M£SS)lS. RIVTNGTON'S [EKOLISH. 



ENGLISH 

ENGLISH SCHOOL-CLASSICS 

With Introductions^ and Notes at the end of each Book, 

Edited by FRANCIS STORR, B.A., 

CHIEF MASTER OF MODERN SUBJECTS IN MERCHANT TAYLORS* SCHOOL, LATE SCHOLAR 
OF TRINITY COLLEGE, CAMBRIBCE, AND BELL UNIVERSITY SCHOLAR. 

Small ^vo. 

THOMSON'S SIBASONS : Winter. 

With Introduction to the Series, by the Rer. J. Franck Bright, M.A., Fellow of 
Univcrsitv Colfege, and Historical Lecturer in Balliol, New, and University Colleges, 
Oxford ; fate Master of the Modem School at Mariborough College, is. 

OOWPEB'S TASK. 

By Francis Storr, B.A., Clu«f Master of Modem Subjects in Merchant Taylors' 
School, ax. 

Part I. (Book I.— The Sofiat ; Book II.— The Timepiece) ^. Part IT. (Book III. 
—The Garden ; Book IV.— The Winter Evening) odL Part III. (Book V.— The 
Winter Moming Walk ; Book VI.— The Winter Walkat Noon) ^ 

SCOTT'S LAY OF THE LAST MINSTREL. 

By J. SuRTEES Phillpotts, M.A., Head Master of Bedford Sdtool, formerly 
Fellow of New College, Oxford, ax. 6iL 

Part I. (Canto I^ with Introduction, &c.) oi, Vxct II. (Cantos 11. and III.) 9</. 
Part III. (Cantos IV. and V.) ^ Part IV. (C:anto VI.) gt/. 

SCOTT'S LADY OF THE LAKE. 

By R. W. Taylor, M.A., Assistant-Master at Rugby School, sx* 

Part I. (Cantos I. and II.) gi. Pan II. (Cantos III. and IV.) gt/. Put III. 
(Cantos V. and VI.) gd. 

NOTES TO SCOTT'S WAVERLEY. 

By H. W. Eve, M.A., Head-Master of University College Scho4»l, London, zx., or 
with the Text, at. 6d, 

TWENTY OF BACON'S ESSAYS. 

By Francis Storr, BJL, Chief Master of Modem Subjects in Merchant Taylors' 
SchooL zx. 

^ SIMPLE POEMS. 

Edited by W. £. Muluns, M.A. Assistant-Master at Marlborough College. 2d, 

SELECTIONS FROM WORDSWORTH'S POEMS. 

By H. H. Turner, B.A., late Scholar of Trinity College, C:ambridge. u. 

.WORDSWORTH'S EXCURSION: The WaQderer. 

By H. H. Turner, B.A., late Scholar of Trinity College, Cambridge, zx. 

MILTON'S PARADISE LOST. 

Bv Francis Storr, B.A., Chief Master of Modem Subjects in Merchant Taylors' 
School, 
fiookl. 9(/. Book II. 9^1 
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ENGLISH SCHOOL CZ.45:S7CS:-H»ntmued. 

SEUccnoNS FROM THs* sp;ectatob/ 

B/ Osmund Axky, M'.A., Asdstant-Miister dk Wdtirilgtoli Cblleget zt, 

BBOWNE^S RELiaiO .MSDICL 

By W. P. Smith, M^, Assistant-Master at Winchester College, zx. 

GOLDSMITH'B TRAVXLIiER AND DfiBSBTSD YHiLAQE. 
By C. Sankxy, M^ Assistant-Master at Marlborough College, zx. 

EXTBAGTS FBOM GOLDSMITH'S VICAB OF WAE£FI£LDw 
By C Sankbv, MJl., Assistaat«Hasf)er at Mallborougb College. \s, 

POEICS SBLECTBD FBOM THE WOBKS OF BOBEBT BTXBNa 
By A. M. Bbll, M.A., Balliol College, OzfoitL 

KACATTItAY'B ESSAYS. ' 

MOORE'S LIFE OP BYRON. BtFharcis ^OKa, BJV. «& 
B0SWELL»S life of JOHNSON. By Francis Storr, bIa. orf. 
HALLAM'S CONSTITUTIONAL HISTORY. By H. F. Boyd, Ute Scholat oft 
Brasenose College, O^ord. zx. 

SODTHEY'S MFB OF NELSON. 

By W. E. MulLins, M.A., Asastant-Master at Marlborough College. 



• • 



The General Introduction to the Series will he found in ThomMa'ft WiNTVB. 
{See Sj^fken Pages^ Nas. 5 and 6.) 
OPINIONS OF TUTORS AND SCHOOLMASTERS. 



"Nothing can Be better than the idea 
and the execution of the English School- 
Classics, edited by Mr. Storr. Their dieap- 
ness and excellence encouimge us to the 
hope that the study of our own language,' 
too long neglected in our adioolB, may taUce 
its iMroper ixaee id our curriculum, and may 
be the means of inspiring that taste for lite- 
rature which it is one of the chief objects 
of education to give, and which is apt to be 
lost sight of in the modem style of teaching 
Greek and Latin Classics with « view ta 
stwocss in <nnrin<nationai**— <Xicgr Bremn- 
iM£, M.A., P^low of Kit^e CoO^e, 
CamM4ge» 

'*I think the plan of them is excellent ; 
and those vidumes which I have used I 
have found carefully and jadkioosly edited, 
neither passing over dnScuhies, nor pre- 
venting thought and work on uie pupil's 
part by excessive annotatson."— JP«v. C. B, 
Hutckineon, M^., Auiitani'Master in 
Xngif School. 

*^\ think that these books are likel:^ to 
prove most valuable. There is great variety 
m die dioice of authors. The notes seem 
sensible* as far as I have been able to 
Examine them, and give just enough help^ 
and not too much ; and tho size of each 
volume is so small, that in most cases it 
need not form more than one term's work. 



Something of the kind was greatly wanted." 
—E. E, Bowen^ M.A„ M9st*r of tkr 
Modem Side, Httrrow School , 

** I have used some of the v(rfumes of 
your Englkh School-CIassics for several 
months in my ordinary form work, and I 
have recommended others to be set as sub- 
jects for different examinations for which 
the boy^ have to prepare themselves. I 
shall certainly continue to use them, as 
I have found uiem to be very well suited 
to the wants of my form."— C7. M, £hM, 
M.A,, Matter of tki M^deni Sehodi im 
Mairtbof'ough College, 

** 1 have no hesitation in s^yvu^that the 
vblumes df your Series which I have ex- 
amined appear to me far better adanted for 
school use thfm any onheiB wfaicn have 
come under my notice. The notes are 
sufficiendy full lo supply all" die informa- 
don which a boy needs to understand the 
text without suporteding the jiecessity of 
hts thinking. The occasio||sll questiooof 
call the learner's attention to points which 
he can decide fip6m his own resooroes. The 
general platt, and the 6xecudon of the 
volumes which have come before me, leave 
litde to be desired in a School Edition of 
die English Classics."-^7Xr Bev. Chas. 
<?rant Chittenden, M^,, The Grange, 
Hoddesdon, Herts* 
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SELECT PL A YS OF SHAKSPERE 

RUGBY EDITION. 

'Witk imzodnctioii and Notes to eadi Flay. 

Small Svo. 

■ 

As You Like It. s/. Hamlet. 21. 6<^ 
Macbeth, aj. King Lear. 

EdiUd by the Rer. Charles E. Moberly, M.A^ Asmstant-Mastir 
at Ru^ School f and former iy Scholar of Balliol ColUge^ Oxford. 

GORIOLANUS. 2s.6d. 

Edited by Robert Whitelaw^ M.A., Assistant-Master at Eugiy 
School^ formerly Fellow of Trinity College^ Cambridge, 

The Tempest. 

Edited by J. SyRTKS9 PHaLPOTTS, M. A., Bead-Master of Bedford 
Grammar School^ formerly Fellow of New College^ Oxford, 

With Notes at the end of the Volume. 2s, 

The Merchant of Venice. 

Edited by R. W. Taylor, M. A., Assistant-Master at Rugby School, 

With Notes at the end of the Volume. 

[In preparation. 



Dictionary of the English Language. 

By R. G. Latham; M. A., M.D., late Fellow of Kmfs College^ 
Cambridge, 

Abridged from Dr. Latham's Edition of Johnson's English Dic- 
tionary. In I voL medium Svo. 

The Rudiments of English Grammar 

and Composition. 

By J. Hamblin Smith, M.A., of GonvUle and Cains College^ 
Cambridge; late Lecturer of St, Peter's College^ Cambridge, 

Crown Svo. 2s, 6d, 
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MATHEMATICS 

RIVINGTONS MATHEMATICAL SERIES 

The following Schools, amongst many others, nse this Series : — Eton : 
Harrow : Rugby : Winchester : Charterhouse : Marlborough : Shrewsbury : 
Cheltenham ; Clifton : City of London School : Haileybury : Tonbridge : 
Durham : Fettes College, Edinburgh : Owen's College, Manchester : H.M.'s 
Dockyard Schools, Sheemess and Devonport: Hurstpierpoint : King 
William's College, Isle of Man : St Peter^s, Clifton, York : Birmingham : 
Bedford : Felsted : Christ's College, Finchley : Liverpool College : Winder- 
mere College ; Eastbourne College : Brentwood : Perse School, Cambridge i 
Queen's College, Cork. Also in use in Canada : Harvard College, U.S. t 
H.M. Training Ships : Royal Naval College, Greenwich : Melbourne 
University, Australia : the other Colonies : and some of the Goyemment 
Schools in India. 

OPINIONS OF TUTORS AND SCHOOLMASTERS. * 



"A person who carefully studies these 
books will have a thorough an4 accurate 
knowledge of the subjects on which they 
treat."— /^. A, Mofvun, Af^,, T^tor of 

"We have for some time used your 
Mathematical books in our Lecture Room, 
and find ikcm well arranged, and well cal- 
culated to dear up the difficulties of the 
subjects. The examples abo are numerous 
and well'sdected/'^JV.if. Ferrtrt, M.A.^ 
Feliom tmd Tutor •/ GomriiU and Caiau 
CoUn:** Cambridgt, 

** I have used in my Lectuve Room Mr. 
HamUin Smith'stext*bookswith very great 
advantBge."-^y«i»w/W^«r, U^^FiUow 
and TttUr ^ Si. Pottr's CMegt, Catn- 



hridgt. 
"Foi 



^or beginners there could be no better 
books, as I have found when examining 
different schools."-^. ^. W, Stetl, M^^ 
Fellow omd Astittant'Tutor of GonvilU 
and CtMU CoUege, Cambridg*. 

" I consider Mr. HambUn Smith's Mathe- 
matical Works to be a very valuable series 
for beginners. His Algebra in particular 
I think is the best book of its kind for schools 
and for the ordinary course at Cambridge." 
F. Patrick^ M.A., FOlow and Tutor 
of Moigdaltn CoUtget Cambridgo. 

** The series is a model of clearness and 
insight into possible difficiilties."— /?«v. y, 
F. Blake, St. Potor'g College, Clifton, 
York. 

** I can say with pleasure that I have 
used your books extensively in my work at 



Haileybury, and have found them en Ike 
whole well adapted for boys." — Tkomat 
Pitts, M.A., Atsistant Matkematical 
Master at Haileybury College, 

" I can strongly recommend them alL" 
W. Henry, M.A., Snb-lVardeH, 
Trinity College, GUnalmond. 

** I consider Mr. Smith has toppUed a 
great want, and cannot but think mat his 
works must command extensive use in good 
schools."—^. Henry, B.A., Head-Master, 
H.M. Dockyard Sckool, Skeemess, and 
Instructor of Engineers, R.N. 

** We have used your AJgebra and Trigo- 
nometry extensively at wis School firom 
the time they were first published, and I 
thoroughly agree with every mathematical 
teacher I have met, that, as school text- 
books, they have no equals. We are intro- 
ducing your EUiclid gradually into the 
SdhxM.*'^Retr.B.£dUfafties,sen., Matke- 
matical Master at the College, Hurst" 
fierpoint, Sussex. 

*' I consider them to be the best books 
of their kind on the subject which I have 
yet ww^.**'^yoskua Jones, D.C.L., Head- 
Master, King fi^iUian^s ColUge, IfU qf 
Man, 

" I have very great pleasure in express- 
ing an opinion as to the value of these books. 
I have used them under very different cir- 
cumstances, and have always been satisfied 
with the results obtained." — C. H. W. 
Biggs, Editor of ike * Educational Times,* 
andtke * Monthly Journal lif Education: 



LONDON, OXFORD, AND CAMBRIDGE. 



lo 



MESSfiS. MVINGTON'S [ 



RIVINGTO^S'- MA TJIMMA TJCAI.SEJi^E^-ixm^vitd. 

Elementary Algebra. 

By J. ^AMBLiN Smith, M. A., of Gonville and Cains Colttge^ and 
iaU Lecturer at St. Peter's Coliege^ Cambridge. 

l2mo. jr. Without Answers, 2s. 6d* 

A Key to Elementary Algebra. 

Crown Svo. gs. 

Exercises on Algebra. 

SjfJ, Hamblin Smith, M.A. 

Small Svo. 2s. 6d. 
(Copies may be had without the Answers.) 

Algebra. Part IL 

By E. J. Gross, M.A., Fellow of Gonville and Cains College^ 
Cambrufyre^ and Secretary to the Oxford and Cambridge Schools Exami- 



nation Board* 



Crown 8yo. 8t. 6«/. 



" We have to congrmtulate Mr. Gross on 
his excellent treatment of the more di£Bcult 
chapters in Elementary Algebra. His work 
satisfies not only in every respect the re- 
quirements of a fiMt-rate tezt-oook on the 
subject, but is not open to the standing 
reproach of most English mathematicsu 
treatises for students, a minimum of teach- 
ing and a maximum of problems. The 
hard work and considerable thought which 
Mr. Gross has devoted to the book will be 
seen on every page by the experienced 
teacher; there is not a word too mudi, 
nor is the student left without genuine 

ttstance where it is needfuL 'Die Ian- 



niage is precise, dear, and to the ptMut. 
The problems are not too numerous, and 
selected with much tact and judgment. 
The rai^^ of the book has been very xi^Uy 
somewhat extended beyond that assigned 
to simpler treatises, and it includes .the 
elementary prindiiles of Determinants. 
This chapter especially will be read vrith 
satisfactifm \tf earnest students, and the 
mode of exiwsition will certainly have the 
approval of teachers. Altogether we think 
that this Ali^bra will soon become a 
general text-book, and will remain so for 
a leiiK time to caacJ* — IVwetttUntUr 
Review, 



Kinematics and Kinetics. 

By E. J. Gross, M.A. 

Crown 8yo. 5/« 6<^ 

A Treatise on Arithmetic. 

By J. Hamblin Smith, M.A. 

Small 8vo. 3^. 6d. 
[See specimen Page^ No, 7.) 

A Key to Arithmetic. 

Crown Sva 9x. 
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RIVINGTONS* MATHEMATICAL 5'^^/£-S^-continue<L 

Elements of Geometry. Smausvo. y.^. 

By J. Hamblin Smith, M.A. 

Containing Books | to 6, and portions of Books 1 1 and 12, of 
Euclid, wim Exercises and Notes, arranged with the Abbreviations 
admitted in the Cambridge Examinations. 

Part I., containing Books i and 2 of Euclid, limp cloth, \s, 6^., may 
be had separately. 

[See Specimen Page^ No, 8.) 

Geometrical Conic Sections. CrownSvo. 4/. 6^. 

By G. Richardson, M A., Asmtant-Maeter ai Winchester College^ 
andlaUFeUow of St. John's College^ Cambridge, 

Trigonometry. Smaiisvo. 4^. &/. a Key. CrownSvo. 

By J. Hamblin Smith, M.A. \In the Press* 

Elementary Statics. SmaiiSvo. y. 

By J. Hamblin Smith, M.A. 

Elementary Hydrostatics. Smansvo. y. 

By J, Hamblin Smith, M.A. 

« 

Book of Enunciations for Hamblin Smith's 

Geometry, Algebra, Trigonometry, Statics, and Hydro- 
statics. Small 8vo. xx. 



TAe Principles of Dynamics. 

An Elementary Tett-book for Sdeace Students. 

By R. WoRMELL, D.Sc, M.A., Head^Master of the City of London 
MiddU-Class School 

Crown Svo. (is, 

ArithTnetic^ Theoretical and Practical, 

By W. H. GiRDLSSTONS, M.A., of Chrisfs College^ Cambridge^ 
Principal of the Theologieal CoU^^ Gloncester. 

New Edition. Crown Svo. 6s, 6d. 
Also a School Edition. Small 8yo. y. 6d, 

^ — - - I II I J 

LONDON, OXFORD, AND CAMBRIDGE. 



la Jlf£SS£S. RIVINGTON'S [l 



• SCIENCE 

Preparing for PubUcaHon^ 

SCIENCE CLASS-BOOKS 

Edittdly 
The Rev. ARTHUR RIGG, M.A., 

LATB PRINCIPAL OP T«B COLLBGB, CHBSTBR. 

These Volumes are designed expressly far School use, and by 
their especial reference to the requirements of a School Class-Book, 
aim at making Science-teaching a subject far regular cwd methadical 
study in Public and Private Schools, 

An Elementary Class-Book on Sound, 

By George Carey Foster, B.A., F.R.S., FelUw of and Professor 
of Physics in. University College^ London, 

An Elementary Class-Book on Electricity. 

By George Carey Fos,ter, B.A., F.R«S„ Ftlkw of and Professor 
of Physics in. University College, London, 

Botany for Class-Teaching. 

With Exercises for Private Work. 

By F, K Kitchener, M.A., F.L.S., Assistant-Mmster at Rugby 
School, and late Fellow of Trinity College, Cambridge* 

Astronomy for Class-Teaching. 

With Exercises for Private Work. 

By Wallis Hay Laverty, M.A., laU Fellow of Queen^s College, 
Oxford 

The knowledge of MathemJUics Mtomed wiU be EudUd, Books I.-VL, and Quadratic 
Equations. 

Other Works are in preparation, 
LONDON, OXFORD, AND CAMBRIDGE. 



apona*.] educational ust. \% 

A Years Botany. 

Adapted to Home and School Use. 
By Frances Anna Kitchener. 

Illustrated by tie Anthor. Crown 8yo. 5j. 
(See Specimen Fttge^ No» 2.) 

CONTBNTS. 

Genenl DescriMion of FIower»— Flowers widi Simple Pistilt— Flowtn with Com* 
pound Pistils — 'Flowers with Apocarpous Fruits — Flowers with Syncarpous Fruits-* 
StaoMBS and Morphology of Branchcfr~Fertilisation Seeds Early GrMrth and Food 



of Plants— Wood, Stems, and K.oots*-Leaves — Classification— Umbellato% Composites, 
Spurges, and Pines— Some Monocotyledonous Families^— Orchids— Appendix of Technical 
Tem»— Index. 



** One and only one English book do I facts only ; hot is tho expmsioii of the 

know that might almost make a stupid method of a first-rate teaoier in sudi a 

man teach one sdence well ; and that is form as to enable any one to follow it" — 

Mrs. Kitchener's 'A Year's Botany ' (Riv. J. M. WUscn, MJi^ m 'Natutft* if 

iogtons). That happily does no| teach Afrilxi, xty6, , 

An Easy Introduction to Chemistry. 

For the use ^ Schools. 

Edited by the Rev. Arthur Rigg, M.A., late Principe of The CoU 
lege^ Chester^ and Walter T. Goolden, B.A., late Science Scholar 
of Merton College^ Oxford; and Lecturer in Natural Science at Ton- 
bridge School. 

Kew Edition^ revised. With Hlustratioiis. Otowu 8vo. 2J. M 

(See Specimen Fage^ No, 9.) 

Notes on Building Construction. 

Arranged to meet the requirements of the syllabus of the Science and 
Art Department of the Committee of Council oa Education, South 
Kensingto^ Museum. Medium 8vo. 

Part L— FIRST STAGE, or ELEMENTARY COURSE. 

With 325 woodcuts, lor. 6d, 

Part IL— COMMENCEMENT OF SECOND STAGE, or AD- 
VANCED COURSE. [Now Ready, 

Part III.— ADVANCED COURSE. {In the Press. 

^ Rbport on thk Examination in Builmno Constkuction, hsld by thb Scibncb 
AND Art Dbpartmbnt, South Kbnsington, in May. i875*-*"Thewantofat«xt-book 
in this subject, arranged in accordance with the published syllabus, and therdbre limiting 
die studento and teachors to the prescribed course, has lately been well met by a work 
published by Messrs. Rivingtons, entitled * Notea oh Building Coustrttction, arranged 
to meet the requirements of the Syllabaa of the Sdence and Art Department of the Com- 
mittee of Connpl on BdnMtton, South Kensington.' 
Jutu 18, 1^5. (Signed) H. C Sbzwon, Major, RJB." 

" Something of die sort was Yory mnch simple and eonsecutiYe manner, adYandng 

needed. The whole series when published from rudimental and general statements to 

will be a great boon to young students." those which are comparatively advanced ; 

Builder* it is a thoroughly coherent, self-sustained 

"The text is prepared in an extremely account.''— ^Mmmtsms. 
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LATIN 

Rasy Latin Stories for Beginners. 

With Vocabalarj and Notes. Forming a Fiist Latin Reading Book 
for Junior Forms in Schools. 

By G. L. Bennett, M.A., Assistant-Master at Rugby School; 
formerly Fellow of St. John's College, Cambridge.' 

Crown 8yo. [In September, 

Elementary Rules of Latin Pronun- 

^ciaium. - 

By Arthur Holmes, M. A., late Senior Felkno and Dean of Clare 
College^ CamMdge, 

Crown 8to. On a card, 9^. 

Outlines of Latin Sentence Construc- 
tion. 

By El D.'Hansfixu), 'B^k.^^Afsistan^Uaster at Clifton CoO^. ' 

Detaiy 8vo. ' Oh a card, is. 

Easy Exercises in Latin Prose. 

By Cha&LBS BiG<t, M. A., Principal of Brighton College* ' 
Small 6vo. is. ^d. ; sewed, ^, 

Latin Prose Exercises. 

Fpjr Beginners, and Junior Forms of Schools. 

By R. Prowdb Skith, B.A., Assist.-Master at Cheltenham College, 

New Edition. Crown £¥0. 2/ . 6</. 

An Elementary Latin Grammar. 

By J. Hambun Smith, M^A., cfGotwiUe and Casus College^ Cam- 
bridge ; late Lecturer of S. Petef^s College, Cambridge, 

Small 8ya .3^.6/. 

* • • • 

^ V 
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Heiirys^ First Latin Book. - 

• By Thomas R^RCHBVfiR: Arnoi^d, M. A. 

Twenty-third Edition. i2mo. 3^.* Tutor's -Ke3^ ir.' 
Recommended in the Guide to the Choke qf Classical Books by J. B. 
Mayor, M. A^ Prolessor c|f Cla^ical Literature at King's College»^ late 
Felldw and Tutor of St John's College, Cambridge. 

A Practical Introduction to Latin 
JPra$e, CompofiHan. * ^ . ^ 

* 'By I'HOMAS Kerch^Vbr Arnold^ "M. A. 

Seventeenth £ditioa. 3vp. J^. 6<^ T«tor*« Key, u. 6flf.\ 

Cornelius Nepas. ' 

With Critical Questions aftd Aaswers, and ah ImitatiiK l^^cise 
on ea<Ji Chaptv. , , ^ ... 

' .^ TkosusKfiRCHS^^R 'Arnold; M. A. . 

Fifth Edition, i2mo< 4j. 

A,J^irst Verse Book^ 

Being an Easy Introduction to the Mechanism of .the Latin .Hexa- 
meter and Pentameter.' 

By Thomas Kerchxysr Aritold, M.A. . . • 

Eleventh Edition^ , 1 2mo. ^. .Tutor's. Key, .J^ 

Progressive , 'Exercises in Latin 

Elegiac Verse. 

By C. G. Gepp, B.A., late Junior Student of Christ Churchy Oxford; 
Head-Master of the College^ Stratford-on-Avon, 

Third Edition! Revised. Crown 8vo. 3J. 6/. Tutor's Key, 5/. 

Recommended in the^G^««/(? to .the Qhoice of CtaisicAl Bo^ks by J.' B. 
Mayor, M.A., Professor bf Classical- Literature^ at iCing^s College, lat^ 
fti\9l9r /Hid Tutop.of 3t. John's CoU^^. Cambridge. 

Selections from Livy^ Books vfii. 
and IX. 

With Notes and Map. . .*'.'..* V 
By E. Calvert, JJLJ),, St' jfbhn^s College, Cambridge; antl 
R. Saward, M. a., F^lovf of St, John^s CoUege^ Cambridge '^ Assistant* 
Master in Shrewsbury School, 

' ' SAiall'S^o. zs. 
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New EdUion^ re-^irranged^ wUh fresh Pieces and 

Materials and Models for Latin 

Prose Composition. 

Selected and arranged by J. Y. SAftGEirr, M.A., Pettow and Tmiar 
of Magdalen College^ Oxford; and T. F. Dalun, M.A., l^Uar^ laU 
Fellow. ofQueenU Collfge^ Oxford, 

Crown 8vo. 6a 6^. 
ifiei Speamm Page^ No. la) 

Latin Version of (60) Selected Pieces 

from Materials and Models. 

By J. Y. Sargent^ M.A. 

Crown 8yo. $1; ' 
May be had by Tuton only, oa 4ix«ct application to the Publifhen. 

Stories from Ovid in Elegiac Verse. 

With Notes for School Use and Marginal References to the Public 
School Latin Primer. 

By R. W. Taylor, M.A«, AssistanUMasUr at Rugky School^ laU 
Fellow of St JohnU CoUege^ Cambridge. 

Crown 8vo. y, 6d,. 

{See SpeHtmn Paget^ Not. II and 19.) 

The ^neid of Vergil. 

Edited, with Notes at the end, ^Francis Storr, B.A., Chief MaS' 
ter of Modem Subjects in Merchant Taylor^ School. 

Books XI and Xlt 
Crown 8vo. 2s. 6d. 

{S^ Specimen FageSj Nos. 13 and 14.) 

Classical Examination Papers. 

Edited, with Notes and References^ by P. J. F» Gantillon, M.A^ 

Classical Master in Cheltenham Coll^, 

Crown 8ya ^L €d% . 
Or interleaved with writing-paper, half-bound, lor. 6dl 

Eclogce Ovidiance. 

From the Elegiac Poems. With English Notes, 
By Thomas Kerchev^ Arnold, M.A. 

Thirteenth Edition. lamo. 2s. 6d. 
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Terenti Comoediae. 



Edited by T. L. Papillon, M.A., Fellow oj New College^ and late 
Fellow of Merton^ Oxford, 
Andria bt Eunuchus. 4j. 6d. 

Andria. New Edition, with Introduction on Prosody, ^j. 6d, 

Crown 8vo. 

Forming a Part of the " Catena ClassUorum^ 

yuvenalis Satirae. 

Edited by G. A. SiMCOX, M.A., Fellow of Queet^ s College^ Oxford. 
Thirteen Satires. 

Second Edition, ealai^^ and revised. Crown 8vo. 5/. 
Forming a Part of the ^^ Catena Classicorum,^* 



Persii Satirae. 



Edited by A. Pretor, M. A., of Trinity College^ Cambridge^ Classical 
Lecturer of Trinity Hall^ Composition Lecturer of the Perse Gramtiiar 
School^ Cambridge, 

Crown 8vo. 31". td. 

Forming a Part of the ^^ Catena Classieorum!^ 

Horati Opera. 

By J. M. Marshall, M.A., Under-Master in Dulwich College. 
Vou I. — The Odes, Carmen Seculare, and Epodes. 

Crown 8vo. 7 J. td. 

Forming a Part of the " Catena Classicorum,** 

Taciti Historiae. Books I. and II. 

Edited by W. H. SiMCOX, M.A., Fellow of Queen^s College, Oxford. 

Crown 8vo. 6x. 
Forming a Part of the ^^ Catena ClassicorumP 

Taciti Historiae. Books III. IV. and V. 

Edited by W. H. SiMCOX, M.A., Fellow of Queen^s College, Oxford. 

Crown 8vo. iu. 
Forming a Part of the ^* Catena ClassicorumJ^ 
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GREEK 

An Elementary Grammar for the 

. Use of Beginners. 

By Evelyn Abbott, M.A., Lecturer in Balliol College^ Oxford^ 
and late Assistant'Master in Clifton College, 

Crown 8vo. [In September. 

Elements of Greek Accidence. 

By Evelyn Abbott, M.A., Lecturer in Balliol CoUege^ Oxford^ 

and late Assistant-Master in Clifton College. 

Crown 8vo. 4^. &. 

"This is an excellent book. The com- the late Dr. Donaldson— a most excellent 

pilers of elementary Greek Grammars have volimie for the time at which it was pub- 

itot before, so far as we are aware, made lished — ^will show how considerable the 

full use of the results obtained by the advanpe has been; while a comparison 

labours of plulologists during the last with the works in ordinary use, which have 

twenty-five years. Mr. Abbott's i^eat never attained anything uke die standard 

merit is that he has ; and a comparison reached by Dr. Dooal<bon, will really siur- 

between his book and the Rvdimunta of prise the teacher." — AtJuHttum. 

An Introduction to Greek Prose 

Composition. 

By Arthur Sidgwick, M.A., Assistant- Master at Rugby School^ 
. and/ormerly Fellow of Trinity College^ Cambridge, 

Crown 8vo. 5/. 

Zeugma; or^ Greek Steps from Primer 

to Author. 

• 

By the Rev. Lancelot Sanderson, M.A., Pmncipal of Elstree 
School^ late Scholar of Clare College^ Cambridge; and the Rev. F. B. 
Firman, M.A., Assistfont-Master at Elstree School^ late Scholar of 
Jesus College, Cambridge\, 

Smali 8vo. is. 6d, 

A . Table of Irregular Gr^ek Verbs. 

Classified according to the arrangeiAent of Cortius's Greek Grammar. 

By Francis Storr, B-.A., Chief-Master of Modern Subjects in 
Merchant Taylor^ School, late Scholar of Trinity College, Cambridge, 
and Bell University Scholar. 

On a Card. is. 
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Selections from Lucian. 

WithEnglish Notes. 

By Evelyn Abbott, M.A., Lecturer in BalUol College^ Oxford^ 
and late Assistant'Master in Clifton College. 

Small 8vo. y, 6d. 

Alexander the Great in the Punjaub. 

Adapted from Arrian, Book V. 

An easy Greek Reading Book, with Notes at the end and a Map. 

By the Rev. Charles E. Moberly, M.A., Assistant-Master in 
Rugby School, and formerly Scholar of Balliol College, Oxford, 

Small 8vo. 7J, 

Stories from Herodotus. 

The Tales of Rhampsinitus and Polycrates, and the Battle of Mara- 
thon akid the Alcmseonidae. In Attic Greek. 

Adapted for use in Schools, by J. SuRTEES Phillpotts, M. A., Head 
Master of Bedford School; formerly Fellow of New College, Oxford, 

Crown 8vo. \s, 6d. 

lophon: an Introduction to the Art 

of Writing Greek Iambic Verses. 

By the Writer of " Nuces " and " LucreHUs.*' 

Crown 8vo. zs. 

The First Greek Book. 

On the plan of Henry's First Latin Book, 
By Thomas Kerchever Arnold, M.A. 

Sixth Edition. i2mo. 5x. Tutor's Key, is, 6d, 

A Practical Introduction to Greek 

Accidence. 

By Thomas Kerchever Arnold, M.A. « 

Ninth Edition. 8yo. 5j. dd, 

A Practical Introduction to Greek 

Prose Composition. 

By Thomas Kerchever Arnold, M.A. 

Twelfth Edition. 8vo. 5^. (id. Tutor's Key, \s. 6d. 
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SCENES FROM GREEK PL A YS 

RUGBY EDITION 

Abridged and adapted for the use of Schools^ bf 

ARTHUR SIDGWICK, M.A., 

ASSISTANT-MASTBB AT RUGBY SCHOOL, AND POBMBBLT FELLOW OP 
TRINITT COLLBGB, CAMBBIDGB, 

Small 8vo. \s. 6d, each. 

Aristophanes. 

THE CLOUDS. THE FROGS. THE KNIGHTS. PLUTUS. 



es. 



IPHIGENIA IN TAURIS. THE CYCLOPS. ION. 
ELECTRA. ALCESTIS. BACCHiE. HECUBA. 

Recommended in the Guide to the Choice of Classical Books^ by J. B. 
Mayor, M.A., Professor of Classical Literature at King's College, late 
Fellow and Tutor of St. John's College, Cambridge. 




"Each play is printed separately, on 
g:ood paper, and in a neat and bandy form. 
The (umcult passages are explained.l)y the 
notes appended, which are of a particularly 
useful and intelligible kindl In all respeets 
this edition presents a very pleasing con- 
trast to the German! editions hitherto in 
general use, with their Latin explanatory 
notes— themselves often requiring; explana- 
tion. A new feature in this edition, which 
deserves mention, is the insertion in English 
of the f tage directions. By means of them 
and the argument prefixed, the study <tf the 
play is much simplified."— vfc^^fma^. 

Just the book to be put into the hands of 
boys who are reading Greek plays. They are 
careftilly and judiciously edited, aod form 
the most valuable aid to the study of the ele- 



ments of Greek that we have seen for many 
a day. The Grammatical Indices are espe- 
cially to be commended.'* — Athenaum, 

** Not professing to give whole dramas, 
with their customary admixture of iambics, 
trochaics, and choral odes, as pabulum for 
learners who can barely digest the level 
speeches and dialogues commonly confined 
to the first-named metre, he has arranged 
extracted scenes with much tact and skill, 
and set them before the pupil with all need- 
ful informitf ion in the shape of notes at the 
end of the book ; besides which he has added 
a somewhat novel, but highly commendable 
and valuable featuve — ^namely, appropriate 
headings to the commencement of each 
scene, and api>ropriate stage directions dur- 
ing its progress." — Saturday Review, 



Xenophons Memorabilia. 

Book I. With an Introduction) add Notes at the end of tho 
volume. 
By the Rev. C. E. Moberly, Assistant- Master in Rugby School, 

Small 8vo. 2s, 
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Homers Iliad. 

Edited, with Notea at the end for the Use of Junior Students, by 
Arthur Sidgwick, M.A., Assistant- Master at Rugby School, and 
formerly Fellow of Trinity College, Cambridge. 

Books I. and II. forming one Volume, Books III. and IV. fonning a 
second Volume. Crown 8vo. \fn preparation. 

HoTfier for Beginners. 

Iliad, Books L— III. With English Notes. 
£y Thomas Kerchever Arnold, M.A. 

Fourth Edition. i2mo. %s, 6^« 

Tke Iliad of Homer. 

From the Text of Dindorf. With Preface and Notes. 

By S. H. Reynolds, M.A., Fellow and Tutor of Brasaun College^ 
Oxford, 

Books I. — XII. Crown 8vo. dr. 

Forming a Part of the " Catena ClassieorumJ* 



The Iliad of Homer. 



With English Notes and Grammatical References. 
By Thomas Kerchever Arnold, M. A. 

Fifth Edition. i2mo. Half-bound, I2J. 

A Complete Greek and English 

Lexicon for tke Poems of Homer and 
the HomsridcB. 

By G. Ch. Crusius. Translated from the German. Edited by 
T. K. Arnold, M.A. 

New Edition. i2mo. gs. 

In the JPress, New Edition^ re-arranged^ with fresh Pieces and additional 

References, 

Materials and Models for Greek 

Prose Composition: 

Selected and arranged by J. Y. S ARGENT, M. A., Fellow and Tutor 
of Magdalen College^ Oxford; and T. F. Dallin, M.A., Tutor^ late 
Fellow of Queen's College^ Oxford. 

t Crown Svo. 
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Classical Kxamination Papers. 

Edited^ vnih Notes and References^ ty P. J. F. GAirmxoir, M^., 
sometinu Scholar of St John*s CoU^^ Cambridge; Classical Master 
at Cheltenham Collet, 

Crown Sto. is, 6dm 
Or interleayed with writing-paper, half-boond, iQr. 6d, 

Recommended in the Guide to the Choice of Classical Books, by J. B. 
Mayor, M.A., Professor of Classical literature at Sling's Odl^e* late 
Fellow and Tutor of St John's CoU^e^ Cambridge. 

Demostkefies. . 

Edited, with EngUsh Notes and Grammatical References, by THOMAS 
Ke&chsvsr Arno{.d, M.A.' 

i2mo« 

OLYNTHIAC ORATIONS. Third Edition, xs. 
PHILIPPIC ORATIONS. Third Edition. 4/. 
ORATION ON THE CROWN. Second Edition. 41. 6d. 

Demosthenis Orationes Privatae. 

Edited by Arthur Holmes, M. A., late Senior FeUam and Dean of 
Clare College, Cambridge, and Preacher at the Chaftel Royal, Whitehall. 

Crown Svp. 
DE CORONA. 5/. 

' Forming a Part of the **Catena Classicorum!* 

Demosthenis Oratioms Publicae. 

• Edited by G. H. Heslop, M.A., late Fellow and jissistant-Thtor of 
Queen's QolUge^ Oxford; Jfead-Mastpr of^t» Bees. 

Crown 8vo. 

OLYNTHIACS, 2*. 6^. I ^ • n in <^ 

PHILIPPICS, y. S ^' "^ ^"^^ Volume, 4^. td. 

DE FALSA LEGATIONE, ts. 

Forming Parts of the ^* Catena Classicorum^^ 

Isocratis Orationes. , 

Edited by John. Edwin Sandys, M,A., Fellow and Tutor of 
St, John's ColUge, Cambridge. 

Crown 8vo. 
AD DEMONIC UM ET PANEGYRICUS. 41. Af. 
Forming a Part of the **Catena Classicorum,** 
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The Greek Testament 

With a Critically Revised Te>:t ; a Digest of "N^uious Readings ; 
Maiginal References to Verbal and Idiomatic Usage ; Prolegomena ; 
and a Critical and Exegetical* Commeiltary. For the use of Theo- 
logical Students and Ministers. 

By Henry Alford, D.D.; late Dean of Canterbury. 

' New Edition. 4 toIs. 8vo. io2j. 

The Volumes ar6 sold separately, as follows : 

Vol. I.— The Four Gospels, a&r. , * 

Vol IL — Acts to 2 Corinthians. 241. ' 

Vol. III. — GaLATIANS t* PHILEliCON. I&f. 

VoL IV. — Hebrews to Revelation. 32/. 

The Greek Testament. 

With Notes, Introductions, amd Index. 
By Chr. Wordsworth, b.D., Bishop of Lincoln. 

New EdltioB. 2 vols. ImpL Sva 60;. 

The Parts may be had separately, as follows : — 
The Gospels. i6y. 
The Acts. %s. 
St Paul's Epistles. 23J. 
General Epistles, Revelation, and Index. ' i6j. 

Notes on the Greek Testament. 

By the Rev. Arthur Carr, M.A., Assistant-Master at Wellington 
College^ late Fellow of Oriel College, Oxford, 

THE GOSPEL ACCORDING TO S. LUKE. 

Crown 8vo. 6s. 
(See Specimen. Page^ No, 15.) 

Madvigs Syntax of the Greek Lan- 
guage ^ especially of the Attic Dialect. 

For the use of Schools. 

Edited by Thomas Kercheybr Arnold, M.A. 

Second Edition. Imperial i6mo. • %s, 6d. 

Recommended by the Cambridge Board of Classical Studies for the 

Classical Tripos. 
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Sophocles. 

Witih English Notes from Schnsidswin. 

Edited by T. K. ARNOLD, M.A., A&CHDSACON PAUL, aimTHenry 
Browns, M.A. 

i2mo. 

AjAX. jj. FuiLOCTETES. y. (Edipus Tyrannus. 4^. (Edipus 

COLONSUS. 4r. 

Sophoclis Tragoediae. 

Edited i^ R. C. JBBB, M. A., Professor of Oreek in the University of 
Glasgow^ late Pelhw and Atsuitant*Tutor of Trinity CoUe^ Cambridge^ 
and FubUc Orator of the University, 

Crown 8vo. 

Electra. Second Edition, revised. Jj. 6d, 
AjAX. 5#. 6d. 

Forming Ihrt^ of the **Catena Clameorum^ 

Aristophanis Comoediae. 

Edited by W. C. Green, M.A., laU Felhw tf Kinfs College^ 
Cambridge; Assistant- Master at Rugby School* 

Crown 8vo. 

The Acharkians and The KNIGHT3. '4/. 
The Clouds, jx. ^. 
The Wasps, y. 6d. 

An Edition of " The Acharnians and The KnIghts,'' revised 
and especially prepared for Schools. 4r. 

Forming Parts of the "Catena Classicorum" 

Herodoti Historia. 

Edited byl^Q. WOODS, M. A^ FelUio and Tktor of Trinity College. 

Oxford* 

Crown 8vOb 

Book I. dr. Book II. 5/. 
Forming Parts of the "Catena Classicorum,^* 
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A Copious Phraseological English- 
Greek Lexicon. 

Fmndtd on a work prepared by J. W. FradsrsdOKff, Ph.D.9 laie 
Professor of Modem Languages^ QueerCs College^ Belfast, 

Revised^ Enlarged^ and Improved by the late Thomas Kerchevei; 
Arnold, M.A., and Hbnrt Browns, M.A. 

Fifth Edidonu Sva ai#. 

Thucydidis Historia. Books I. and 11. 

Edited by Charles Bigg, M.A., latt Senior Student and Tutor of 
Christ Ckurehy Oxford; Principal of Brighton College. 

Crown Sto. ts. 

Forming a Part of the " Catena Classieorum. 

Thucydidis Historia. Books ill. and IV. 

Edited by G. A. SiMCOX, M.A., F^hrm of Queen's College, Oxford. 

Crown 8vo. 6j'. 

Forming a Part of the **Catena ClassicerumJ* 

An Introduction to Aristotle s Ethics. 

Books I. — IV. (Book X., c. vi. — ^ix. in an Appendix). With a Con- 
tinuous Analysis and Notes. Intended for the iis« of Banners and 
Junior Students. 

By the Rev. Edward Moore, B.D., Principal of S. Edmund HaU, 
and late Fellow and Tutor of Queen^s College, Oxford. 

Crown Sva lOtr. 61^. 

Aristotelis Ethica Nicomachea, 

Edidit, emendavit, crebrisque locis parallelis e libro ipso, aliisque 
ejusdem Auctoris scriptis, iUustravit jACOBUS £. T. Rogers, A.M. 
Small 8vo. 4/. dd. Interleaved with writing-paper, half-bound. 6r. 

Selections from Aristotle s Organon. 

Edited by JoHH R. Magrath, M.A., Fellow and Tutor of Queen's 
College, Oxford. 

Second Edition. Crown 8vo. 
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CATENA CLA8SIC0RUM 

Crown 8vo. 

Sophoclis Tragoediae. By R. c. jebb, m:.a. 

THE ELECTRA. 3J. td. THE AJAX. y, U. 

yuvenalis Satirae. By G. A. Simcox, m.a. sx. 
Thucydidis Historia. — Books I. & II. 

By Charles Bigg, M.A. 6s. 

Thucydidis Historia.— Books III. & IV. 

ByG.A. Simcox, M^ dr. 

Demosthenis Orationes Pubticae. By G. H. Heslop, m.a, 

THE OLYNTHIACS. 2s.6d. \ . ^ ,, , ., 

THE PHILIPPICS, y. J or, m One Volume. 4^. W. 

DE FALSA LEGATIONE. 6j. 

Demosthenis Orationes PrivcUae. 

By Arthuh Holmes, M.A. 
DE CORONA. 5/. 

Aristophanis Cotnoediae* By w. c. Grbbn, m.a. 

THE ACHARNIANS AND THE KNIGHTS. 4J. 
THE WASPS, y. ^. THE CLOUDS, xs. Ml 
An Edition of IThb Acharnians and thb Knights, revised and espedany adapted 
for use in Schoob. 4r. 

Isocratis Orationes. By John Edwin Sandys, M.A. 
AD DEMONIC UM ET PANEGYRICUS. 4^. td. 

Persii Satirae. By a. pretor, m,a. y. 6d. 
Homeri Ilias. By s. h. ReYNOLDs, m.a. 

BOOKS I. TO XIL 6/. 

Terenti Comoediae. By t. l. Papillon, m:a. 

ANDRIA AND EUNUCHUS. 4J. 6</. 

ANDRIA. New' Edition, with Introduction on Prosody. 3J. 6d. 

Herodoti Historia. By h. g. woods, m.a. 

BOOK L, df. BOOK II., 5^. 

Horati Opera. By J. M. Marshall, M.A. 

Vol. I.— the ODES, CARMEN SECULARE, and EPODES. 7j. 6d. 

Taciti Historian. By w. H. Simcox, m.a. 

BOOKS L AND ir. 6j. books IIL, IV., and V. dx. 

■ — ' I. 
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DIVINITY 

MANUALS OF RELIGIOUS 
INSTRUCTION 

Edited by 
JOHN PILKINGTON NORRIS, B.D., 

CANON OF BKISTOL, AND BXAMINING CHAPLAIN TO THB BISHOP OF MANCRBSTBX. 

Three Volumes. Small 8yo. y, 6d, eadu 

Or each Book in Five Parts, is. each Part 

"Contain the maximum of requisite in- " Carefully prepared, and admirably 

formation within a surfurising minimum of suited for their puri>o^e, they sujM>ly an 

space. They are the best and fullest and * acknowledged want in Primarv Schools, 

simplest compilation we have hitherto ex- and will doubtless be in great demand by 

ammed on the subject treated." the teachers for whom they are intended." 

Standard, . Educatumat Times . 



The Old Testament. • . 

Ey the Rev. E. I. Gregory, M. A., Vicar of Ilalberton. 

Part I. The Creation to the Exodus. Part II. Toshuia to the Death 
of Solomon. Part IIL The Kisgdoms of Judah and Israel. Part IV. 
Hebrew Poetry — The Psalms. Part V. The Prophets of the Captivity 
and of the Return — The Maccabees — Messianic Teaching of the Old Testa- 
ment. 

The New Testament, 

i?y C. T. Wiwter. 

Part I. St. Matthew's Gospel. Part II. St. Mark's Gospel. 
Part III. St Luke's Gospel Part IV. St. John's Gospel. Part V. 
The Acts of the ApostlesI 

The Prayer Book. 

Ey John Pilkington Norris, B.D., Canon of Bristol^ <Sr*r. 

Part L The Catechism to the end of the Lord's Prayer — The Order 
for Morning and Evening Prayer. Part II. The Catechism, concluding 
portion — The Office of Holy Baptism — The Order of Confirmation. 
Part III. The Theology of the Catechism— The Litany— The Office of 
Holy Canununlon. Part IV. The Collects, Epistjes, and Gospels, to be 
used throughout the year. Part V. The Thirty-Nine Articles. 
■ — — — 1 
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Rudiments of Theology. 

A First Book for Students* 

By John Pilkington " Norris, B.D., Canon of Bristol^ and 
Examining Chaplain to ikt Bishop of Manchester, 

Crown 8vo. yj. 6d. 

'I We can recommend this book, to theo- ably used by those for whom it is chiefly 

logical students as a useful and com- intended — that is, candidates for ordina- 

pendious manual. It is clear and well tion." — Spectator. 

arranged. . . . We venture to bdieTB '*This is a work of real help to candidates 

that, on the whole, he is a very fair ^- for ordination, and to the general student 

ponent of the tdkching of the English of theology."-^/0m/0n^. 
Church, and that hi* book may be profit- 

A Manual of Devotion^ chiefly for 

the use of School-boys. 

By the Rev. William Baker, D.D., Head Master of Merchant 
Taylori School, 

With Preface by J. R. Woodford, D.D., Lord Bishop ofEfy. 

Crown i6mo. 2s, 6d, 

A Companion to the Old Testament 

Being a plain Commentary on Scripture History down to the Birth 
of our Lord. 

Small 8to. 3x. 6</* 

Also in 7\tHf Farts : 

Part I.— The Creation of the World to the Reign of SauL 
Part II.— The Reign of Saul to the Birth of Our Lord. 

Small 8vo. 2/. each. 

A Companion to the New Testament. 

Small Svo. [^ the Press, 

The Young Churchman s Companion 

to the Prayer Book. 

By the Rev. J. W. Gedge, M.A., Diocesan Inspector of Schools for 
the Archdeaconry cfSterrey, 

Part I. — ^Morning and Evening Prayer and Litany. 
Part II. — Baptismal and Confirmation Services. 

iSmo. li. each, or in Paper Cover, (id. 

Recommended by the late and present Lord Bishops of Wikchxstbr. 
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A Manual of Confirmation. 

With a Pastoral Letter instructing Catechumens how to prepare them- 
selves for their First Communion. 

By Edward Meyrick Goulburn, D.D., Dtan of Norwich. 
Ninth Edition. Small 8vo. I j. 6^. 



The Way of Life. 



A Book of Prayers and Instruction for the Young at School. With 
a Preparation for Holy Communion. 

Compiled by a Priest, Edited by the Rev. T. T. Carter, M.A., 
Rector of Clewer^ Berks, 

Imperial 32mo, is, 6d. 

Household Theology. 

A Handbook of Religious Information respecting the Holy Bible, the 
Prayer Book, the Church, the Ministry, Divine Worship, the Creeds, 
&c, &c. 
By the Rev. John Henry Blunt, M.A. 

New Edition. Small 8vo. Jj. 6^. 

Keys to Christian Knowledge. 

Small 8vo. 2j. 6^. each. 

" Of cheap and reliable text-books of this 
nature there has hitherto been a great want. 
We are often asked to recommend books 
for use in Church Sunday schools, and we 
therefore take this opportunity of saying 
that we know of none more likely to be of 
service both to teachers and scholars than 
these Keys** — Churchman's Shilling 
Magamine, 

By J. H. Blunt, M.A., Editor of the Annotated Book of Common Prayer. 

The Holy Bible. 
The Book of Common Prayer. 
The Church Catechism. 
Church History, Ancient. 
Church History, Modern. 

By John Pilkington Norris, B.D., Canon of Bristol. 

The Four Gospels. 

The Acts of the Apostles. 



" Will be very useful for the higher classes 
in Sunday schools, or rather for the fuller 
instruction of the Sunday-school teachers 
themselves, where the parish Priest is wise 
enou£^h to devote a certain time regularly 
to their preparation for their voluntary 
task."— £/M*9M Review, 
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MISCELLANEOUS 

A German Accidence for the Use of 
Schools. 

By J. W. J. VecQUERAY, Assistant- Master at Rugby School. 

New Edition, revised. 4to. 

Selections from La Fontaines Fables. 

Edited^ with English Notes at the end, for use in Schools^ by 
P. Bowden-Smith, M.A., Assistant-Master at Rugby School 

[In preparation. 

Le Marechal de Villars, from Ste. 

Beuve's '' Causer ies du LundV 

Edited, with English Notes at the end, for use in Schools, by H. W. 
Eve, M.A., ffead-Mcuter of University College School, London. 

[In preparation. 

The Campaigns of Napoleon. 

The Text {in French) from M. Thiers' *^ Histoire de la Rholution 
Frangaise,** and ^^Ntstoire du Consulat et de P Empire.*' Edited, with 
English Notes, for the use of Schools, by Edward E. Bowsn, M. A., 
Master of the Modtrn Side, Harrow School. 

With Maps. Crown Sto. 

ARCOLA. 4J. &/. MARENGO. /^,6d. 

JENA, is.ed. WATERLOO. 6s. 

% 
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Selections from Modern French 
Authors. 

Edited^ with English Notes and Introductory Notice^ by Henri Van 
Laun, Translator of Taine^s History of English Literature. 

Crown 8vo. 31. td, each. 
HQNORE DE BALZAC. H. A. TAINE. 

The First French Book. 

By T. K. Arnold, M.A. 

Sixth Edition. l2mo, $s» 6d. Kej, 2s. 6d, 

The First German Book. 

By T. K. Arnold, M.A., and\, W. Fradhrsdorff, Ph.D. 
Seventh Edition, izma 51. dd. Key, zr. 6^. 

The First Hebrew Book. 

By T. K. Arnou>, M.A. 

Fifth Edition. i2mo. 7x. 6k/. Key, y. 6d. 

The Choristers Guide. 

By W. A. Barrett, Mus. Bac, Oxon., »J St. Paulas Cathedral, 
Author of ** Flowers and Festivals ^^^ &*c. 

Second Edition. Crown Sto. 2j. 6^. 

Form and Instrumentation. 

By W. A. Barrett, Mus. Bac, Oxon., Auth(yr of *' The Chorister's 
Guide,'' <Sr»r. 

[In preparatitm. 
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these too far apart, and the intercoarse of the defenders with an anny 
of relief under the Count of Clermont at Blois was not broken off. 
Early in the following year, this army hoped to raise the siege by 
falling on a large body of provisions coming to the besiegers from 
Batua of tht Paris Under Sir John Fastol£- The attack was made at 
'BMtiat^ Bouvray, but Fastolf had made careful preparations. 

The waggons were arranged in a square, and, with the stakes of the 
archers, formed a fortification on which the disorderly attack of the 
French made but little impression. Broken in the assault, they fell 
an easy prey to the English, as they advanced beyond their lines. 
The skirmish is known by the name of the Battle of the Hemngs. 
This victory, which deprived the besieged of hope of external succour, 
seemed to render the capture of the city certain. 

Already at the French King's court at Chinon there was talk of a 
Danger of hasty withdrawal to Dauphin^, Spain, or even Scotland ; 

oriaaaa. when Suddenly there arose one of those strange effects 

of enthusiasm which sometimes set all calculation at defiance. 

In Domr^mi, a village belonging to the duchy of Bar, the inhabi- 
tants of which, though in the midst of Lorraine, a province under 
Burgundian influence, were of patriotic views, lived a village maiden 
called Joan of Arc. The period was one of great mental excitement ; 
as in other tinxea of wide prevailing misery, prophecies and mystical 
preachings were current. Joan of Arc's mind was particularly 
susceptible to such influences, and from the time she 

JoAii of An> 

was thirteen years old, she had fended that she heard 
voices, and had even seen forms, sometimes of the Archangel Michael, 
sometimes of St Catherine and St Margaret, who called her to 
the assistance of the Dauphin. She persuaded herself that she was des- 
tined to fulfil an old prophecy which said that the kingdom, destroyed 
by a woman — meaning, as she thought, Queen Isabella, — ^should be 
saved by a maiden of Lorraine. The burning of Domrdmi in the 
summer of 1428 by a troop of Burgundians at length gave a practical 
form to her imaginations, and early in the following year she suc- 
ceeded in persuading Bobert of Baudricourt to send her, armed and 
accompanied by a herald, to Chinon. She there, as it is said by the 
wonderful knowledge *Bhe displayed, convinced the court of the truth 
of her mission. At all events, it was thought wise to take advantage 
of the infectious enthusiasm she displayed, and in April she was 
intrusted with an army of (K)00 or 7000 men, which was to march up 
the river from Blois to the relief of Orleans. When she appeared 
upon the scene of war, she supplied. exactly that element of success 

[B&ioht's English History— 5^^ Pagt i.] 
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1« A TEAR'S BOTANY. 

of all of them open by two eliis tamed towards the centre of the 
flower. Their stalks have expanded and joined together, so aa 
to form a thin sheath round the central column (fi^. 12). The dust- 
spikes are so variable in length 
in this flower, that it may not be 
possible to see that one short one 
-g^ 12. comes between two long ones, 

Post-ffpikea of gone {wnkarftOl thoUgh this OUght to be the Case. 

The 9eed-^>rgan is in the form of a kngish rounded pod» with 
a curved neck» stretching out beyond the dust-spikea The top 
of it is sticky, and if yoa look at a bush of gorse, you will see 
it projecting beyond the keel in most of the folly-blown flowers, 
because the neck has become more curved than in fig. 12. Cut 
open the pod ; it contains only one cavity (not, as that of the 
wall-flower, two separated by a thin partition), and the grains 
are suspended by short cords from the top 
(fig. 1 3). These grains may be plainly seen in 
the seed-organ of even a young flower. It is 
evident that they are the most important part ^- ^^• 

split Med-pod of gone. 

of the plant, as upon them depends its diflii- • 
sion and multiplication. We have already seen how carefully 
their weU-bdng xs* considered in. the matter of their perfection, 
how even insects are pressed into their service for this purpose ! 
Kow let us glance again at our flower, and see how wonderfully 
contrivance is heaped upon contrivance for their protection ! 

First (see fig. 10, p; 14), we have the outer covering, so covered 
with hairs, that it is as good for keeping out rain as a waterproof 
cloak ; in the buttercup, when you pressed the bud, it separated 
into five leaves ; here there are five leaves, jvst the same, but , 
they are so tightly joined that you may press till the whole bud 
is bent without making them separate at all, and when the bud 
is older, they only separate into twoy and continue to enfold the 
flower to a certain extent tiU it fades. When the flower pushes 
back its waterproof cloak, it has the addit73nal shelter of the bi^ 

[A Year's Botany—A^ Page 13.] • d 
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Tlu WrUings of BenAam 149 

strnction, and ailasi, after neady twenfy years of alternate 
hopes and feafs, of tedious negotiations, official eyasions, 
and sterile Parliamentary debates, it was effectually extin- 
gnished by the adverse report of a Padiamentaiy Com- 
mittee, followed by the erection of the present Minhftnt 
Penitentiary at s vastly greater expense and cm a totally 
different system. 

Traospoitatioii. — In the iweantime the eommon gaols 
were relieved in a makeshift ^nhion by working gangs of 
prii^nesB in hnlks at tiie seaports; but the resource mainly 
relied on for getting rid of more dangerous criminals was 
the old one of transportation. Botany Bay having suc- 
ceeded to Americ£k As at first employed, there was no 
mistake as to the reality of the punishment; the mis- 
fortune was that the worst elements in the real were not 
so made known as to form any part of the apparent 
punishment. If the judge, in sentencing the convict, 
had thought fit to explain, for the warning of would-be 
offenders, exactly what was going to be done with their 
associate, the sentence would have. been something of 
this sort : *' You shall first be kept, for days or months 
as it may happen, in a common gaol, or in the hulks, in 
company with other criminals better or worse than your* 
self, with nothing to do, and every £au;ility for mutual 
instruction in wickedness. You shall then bo taken on 
board ship with similax associateas of both sexes, crammed 
down between decks, under such circumstances that 
about one in ten of you will probably die in the course 
of the six months' voyage. If you survive the voyage 
you will either be employed as a slave in some public 
works, or let out as a slave to some of the few free 
settlers whom we have induced to go out thera In 
either case you will be under very little regular inspection, 
and will have every opportunity of indulging those natural 

[Wilson's English Law— iV^r Page 3.] 
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Relation to the Barbarians qf the East 203 

wealth into the treasury. Churches remained op«L da^ 
and night, and frequent addresses kept up the enthusiasm 
to a high pitcL It was (for the moment) a genuine 
^'revivar' or reawakening of the whole Eoman world* 
Th^ occasion, too, appeared favourable. Italy was quiet^ 
and the Exarchate at peace with its neighbours. Clotaire 
the Prank was no enemy tc Heraclius, and in common 
with his clergy (being orthodox and not Arian) might be 
expected to sympathise in so holy a cause. 

Treachery of the Avars — ^a.d. 616. — ^In one quarteir 
only was there room for fear. The Avars were on the 
Danube, and the turbulence of the Avars was only equalled 
by their perfidy. Abready, in a.d. 610,' they had fallen 
suddenly on Korth Italy, and pillaged and harassed those 
same Lombards whom they had before helped to destroy 
the Gepidoe. Previous to an absence, therefore^ of yeanr 
from his capital, it was essential for the Emperot to sound 
their intentions, and, if possible, to secure their neutrality. 
His ambassadors were welcomed with apparent cordiality^ 
and an interview was arranged between the Chagan and 
Heraclius. The place was to be Heraclea. At the appointed 
time the Emperor set out from Selymbria to meet the 
Khan, decked with Imperial crown and niaiitle to honoui 
the occasion. The escort was a hand&l of soldiers; but 
there was an immense cort^e of high officials and of the^ 
fashionable world of Constantinople, and the whole* 
country side was there to see. Presently some terrified 
peasants were seen making their ^v^ay hurriedly towards - 
Heraclius. They urged him to fee for his life; for armed 
AvaxB had been seen in small bodies, and might even now 
be between him and the capitaL Heraclius knew too 
much to hesitate. He threw off his robes cmd fied,,and 
but just in time. The Chagan had laid a deep plot A 
large mass of men had been told off in small detachments 

[CuRTXis' Roman Empire— i'« Page 3.] d 2 
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44 COWPER'S TASK. 

I say the pul^t (jn the sober use 
Of its legitimate peculiar powers) 
Must stand acknowledg'd, while the world shall stand. 
The most important and effectual guard, 
Support and ornament of virtue's cause. 
There stands the messenger of truth : there stands 
The legate of the skies ; his theme divine. 
His office sacred, his credentials clear. 
By him, the violated law speaks out 340 

Its thunders, and by him, in strains as sweet 
As 2mgels use, the Gospel whispers peace. 
He stablishes the strong, restores the 'weak, 
Redaims the wand'rer, binds the broken heart, 
And, arm'd himself in panoply complete 
Of heav'nlv temper, furnishes with arms 
Bright as his own, and trains, by ev'ry rule 
Of holy discipline, to glorious war. 
The sacramental host of God's elect 
Are all' such teachers? would to heav'n aU were ! 350 

But hark — the Doctor's voice — ^fast wedged between 
Two empirics he stands, and with swoln cheeks 
Inspires the news, his trumpet Keener far 
Than ail mvective is his bold harangue, 
While through that public organ of report 
He hail's the dergy ; and, defying shame, 
Anaoonces to the world his own and Uieirs. 
He teaches those to read, whom schools dismiss'd. 
And colleges^ untaught; sells accent, tone. 
And emphasis in score, and gives to pra/r 360 

Th' adagio and andante it demands. 
He grinds divinity of other days 
Down into modem use ; transforms old print 
To zigzag manuscript, and cheats the eyes 
Of gaU'ry critics by a thousand arts. — 
Are ^ere who purchase of the Doctor's ware? 
Oh name it not in Gath ! — it cannot be. 
That grave and learned Clerks should need such aid- 
He doubtless is in sport, and does but droll, 
Assuming thus a rank unknown before, 370 

Grand Caterer and dry-murse of the church. 

I venerate the man whose heart is warm, 
Whose hands are pure, whose doctrine and whose life. 

fCowPER's iPAYi— See Page ^:\ 
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NOTES TO THE TIMEPIECE. «7 

gether as with a close seal The flakes of his flesh are 

joined together : they are fim in themselves ; they caimot be 
moved. 

Hobbes, in his &mous book to which he gave the title Lezna- 
than, symbolised thereby the force of civu society, which he 
made the foundatipn of all right 

315-325 CowpeVs limitation of the province of satire — that H 
is fitted to laugh at foibles, not to subdue vices — ^is on the whole 
well-founded. But we cannot forget Juvenal's famous **facit 
indignatio versum," or Pope's no less famous — 

" Yes, I am proud : I must be proud to see 
Men not afraid of God, afraid of me : 
Safe from the bar, the pulpit, and the throne. 
Vet touched and shamod by ridicule alone." 

326-372 7)5/ pulpit, not satire, is the proper corrector of sin, 
A description of the true preacher and his office, followed by one of 
the false preacher, * * the reverend advertiser of engraved sermons, ** 

330 Strutting and vapouring, Cf. Macbeth, v. 5. 

*' Life 's but a walking shadow, a poor player. 
That struts and frets his hour upon the stagey 
And then is heard no more ; it is a tale 
Told by an idiot, full of sound and fury. 
Signifying nothing." 

•• And what in real value *s wanting, 
Supply with vapouring and ranting." — Hudibras. 

331 Proselyte. ir^^^nXurcs, a new comer, a convert to Judaism. 
338 Ifis theme divine. Nominative absolute. 

343 Stdblishes, Notice the complete revolution the word has 
made — ^stabilire, ^tablir, establish, stablish; cf. state, &c 

346 Of heavenly temper, Cf. Par. Lost, i. 284, " his ponder- 
ous shield etherial temper. ** See note on Winter Morning Walk^ 
L 664. 

349 Sacramental. Used in the Latin sense. Sacramentum was 
the oath of allegiance of a Roman soldier. The word in its 
Christian sense was first applied to baptism — the vow to serve 
faithfully under the banner of the cross. See Browne on the Thirty* 
nine Articles, p. 576. 

350 Would to heaven, A confusion between ' ' would God " and 
" I pray to heaven. " 

351 A picture from the life of a certain Dr Trusler, who seems 
to Imve combined the trades of preacher, teacher oi elocution, 
writer of sermons, and literary hack. 

352 Empirics, IfAiru^iitis, one who trusts solely to experience or 
practice instead of rule, hence a quack. The accent is the same 
as in Milton (an exception to the rule. See note on Sofa, L 52)^ 

[CowPER's TASK—See Page 6.] 
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thus : if the articles had cost ^i each, the total cost 
would have been £,2^1% ; 

.*. as thejr cost i of j^i each, the cost will be £^^^, or £41$. 

The process may be written thus : 
3x. 4^. is i of ;£i I £24.7^ = cost of the articles at £1 each. 

£41^ =cost at 3^.^. ... 

Ex. (2). Find the cost of 2897 articles at £2. t2s, Qd. 
each. 



;^2 is 3 X £1 

lox. is^of;^! 
2s, is J of lOf. 
Sd, is J of 2s. 
id. is i of Sd. 



2897 . 0.0 = cost at £1 each. 



5794 . 0.0= £2 ... 

1448 . 10 • o = los. . . . 

289 • 14 • O = 2S. . . . 

96. II. 4= Sd. ... 

12. I • ^--- «««•«• I4i. • • • 



£7640 . 16 . 9 = £2. i2s.gd.esLch. 

Note. — ^A shorter method would be to take the parts 
thus: 

10s. = i of ;^i ; 2s. 6d. = i of lOf. ; yi. - to of 2J, 6d. 

* Ex. (8). Find the cost of 425 articles at £2. iSs. ^d. 
each. 

Since £2. i8x. 4//. is the difference between ;^3 and 

IS, Sd. (which is -^ of £1), the shortest course is to find 

the cost at £^ each, and to subtract from it the cost at 
IX. Sd, each, thus : 



;f3is3X;fi 
vy. Sd, is -^ of ;^i 



42$ . 0.0 = cost at £\ each. 



1275 . 0.0= ;^3 

35 . 8 . 4 c= \s, Sd. each. 



;£i239 • II • 8= £2. \Ss. 4d, each. 

Q. Hamblin Smith's Arithmetic— ^<y Pt^ 10.] 



{Specimen Page, No. 8.] 
Book L] PROPOSITION X U. 67 



Proposition XLL Theorem. 

If a parallelogram and a triangle be upon the same case, and 
between the same pardlleh, the parallelogram is double of ike 
triangle. 




Let the O ABCD and the £^EBGhe on the same base BO 
and between the same ||s AE, BC, 

Then must O ABCD be double of L EBC. 

Join A C, 

Then lABC= a EBC, v they are on the same base and 
between the same lis ; I. 37. 

and O ABCD is doable of A ABC, *.' AC is a diagonal of 
ABCD ; I. 34. 

.-. O ABCD is double of A EBC. 

Q. E. D. 

Ex. 1. If from a point, withont a parallelogram, there be 
drawn two straight lines to the extremities of the two opposite 
sides, between which, when produced, the point does not lie, 
the difference of the triangles thus formed is equal to half the 
parallelogram. 

Ex. 2. The two triangles, lonned by drawing straight lines 
from any point within a parallelogram to the extremities of 
its opposite sides, are together half of the parallelogram. 

[J. Hamblin Smith's GEOMETKY-^ee Page 11.] 
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CARBONIC ANHYDRIDE. 



bometunes cuboiucuibjdride ib produced in wells, and, being 
80 macb heavier tbim ftir, it remains at the bottom. If a t^oi 
goes down into anch a well, he will have no diffianlty at first, 
because the air is good; but whea he is near the bottom, where 
the gas has accmnnhited, he will gasp for breath and iall ; and if 
anyone, not understanding tbe cause of bis tremble, goes down to 
assist bim, he too will fall senseless, and both will qnicU; die. 
The way to ascertain whether carbonic anbydride has aacnmn- 
lated at the bottom of a well is to let a light down into it. If it 
goes ont, or even bums very dimly, there is enough of the gas 
to make the deeceot perilous. A mas going down a well shonld 
always take a candle with bim, t^icb be should bold a consider- 
able distance below his month.' If the light bams dimly, he 
should at once stop, before bis mouth gets any lower and he 
takes some of the gas into his lungs. 

When this gas is in a well or pit, of course it must be ex- 
pelled before a man can descend. There are several expedients 
for doing this. One is to lot a bucket down frequently, taming 



Fig. 25. 



<J i.- nil 



it upside down, away &om tbe 
mouth of the well, every time it 
is brongbt np, a plan which will 
remind you of the experiment 
represented in Fig. 24. 

But a better way is to let down 
a bundle of burning straw or shav- 
ings, so as to heat the gas. Now 
heated bodies expand, gases very 
much more than solids or liquids, 
and, in expanding, the weight of a 
certain volume, say of a gallon, 
becomes lessened. So that if we can 
heat the carbonic anhydride enough 
to make a gallon of it weigh leas than a gallon of air, it will 
rise out of the well just as hydrogen gas would do. Fig. 25 
shows how yon may perform this experiment upon a small scale. 




[Easy Introduction to Chemistky— Aw A^ 13.] 
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For Latin Prose — Historical. . 1 7 

DISASTROUS RETREAT OF THE ENGLISH FROM CABUL. 

IT took two days of disorder, suffermg, and death to carry the 
army, now an army no more, to the jaws of the fatal pass. 
Akbar Elhan, whjo appeared like the Greeks' dread marshal from 
the spirit-land at intervals upon the route, here demanded four 
fresh hostages. The demand was acquiesced in. Madly along the 
narrow defile crowded the undistinguishable host, whose diminished 
numbers were still too numerous for speed : on every side rang the 
war-cry of the barbarians : on every side plundered and butchered 
the mountaineers : on every side, palsied with fatigue, terror, and 
cold, the soldiers dropped down to rise no more. The next day, 
in spite of aU remonstrance, the general halted his army, expecting 
in vain provisions from Akbar Khan. That day the ladies, the 
ctildren, and the married officers were given up. The march was 
resumed. By the following night not more than one-fourth of the 
original number survived. Even the haste which might once have 
saved now added nothing to the chances of life. In the middle of 
the pass a' barrier was prepared. There twelve officers died sword 
in hand. A handful of the bravest or the strongest only reached 
the further side aUve : as men hurry for life, they hurried on 
their way, but were surrounded and cut to pieces, all save a few 
that had yet escaped. Six officers better mounted or more fortu- 
nate than the rest, reached a spot within sixteen miles of the goal ; 
but into the town itself rode painfuUy on a jaded steed, with the 
»tump of a broken sword in his hand, but one.. 

LrvT, xxi. c. 25, § 7-10. xxxv. c. 30. zxiii. c. 24. 
CiSBSAB, BeH. OaU, y. c 35-37. 



DEFEAT OF CHARLES THE BOLD AND MASSACRE OF HIS 

TROOPS AT MO RAT 

IN such a predicament braver soldiers might well have ceased 
to struggle. The poor wretches, Italians and Savoyards, six 
thousand or more in number, threw away l^eir arms and made 
[Sargent and Dallin's Materials and Models — See Page 16.] 
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II. 

ARIADNE'S LAMENT. 



Madam, 'twas Ariadne paitioamg^ 
For Tb«6eu»' perjury and unjust flight. 

Two Gbmtixmxn or VnoKA, IV. 4, 170. 

ARGUMENT. 

Ariadne tells the story of her first waking, to find herself abandoned by 
Theseus and left on an unknown island, exposed to a host of 
dangers, — (Heroides, x.) 

The story is beautifully told by Catullus, in the " Epithalamium Pelei 
et Thetidosf* it also forms one if the epifodes in Chaucer^s *''Legende of 
Goode Women.^* 



I woke before it was day to find myself alone, no trace of my companions 
to be seen. In vain I felt and called for Theseus ; the echoes alone gave 
me answer. 

Quae kgis, ex illo, Theseu, tibi litore mitto, 

Unde tuam sine me vela tulere ratem : 
In quo me somnusque meus male prodidit et tu, 

Per facinus somnis insidiate meis. 107 

Tempus erat, vitrea quo primum terra pruina 113 

Spargitur et tectae fronde quemntur aves : 
Incertum vigilans, a somno languida, movi 97 

Thesesf prensuras semisupina manus : 
Nullus erat, referoque manus, iterumque retempto^ 
zo Ferque torum moveo brachia : nullus erat 
Excussere metus somnum : conterrita surgo, 

Membraque sunt viduo praedpitata toro. 123 

Protinus adductis sonuerunt pectora palmis, ill 

Utque erat e somno turbida, rapta coma est 
Luna fiiit : specto, siquid nisi litora cemam ; 

Quod videant, oculi nil nisi litus habent 160 

Nunc hue, nunc illuc,et utroque sine ordine curro) 

Alta puellares tardat arena pedes. 
Interea toto clamanti litore " Theseu 1 " 121 

20 Reddebant nomen concava saxa *tuum, 
Et quoties ego te, toties locus ipse vocabat : 

Ipse locus miserae ferre volebat opem. 106 3 

[Taylor's Ovid— 5>^ Page 16J 
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SraRIES FROM OVID. 

T74. Pimioa poma, pomegranates. 

178. Taenarnin, at the southern extremity of Peloponnesus, was one 

of the numerous descents to Tartarus. Cf. Virgil, Geofg. 
IV. 467 : 

Taenarias edami fauces, alta osda Ditia. 

179. Faotiira fait. This periphrasis for fecisset is to be noted ; it is 

the one from which the oblique forms are all constructed, 
e.g*, faciuram fuisse, ox factura juisseL 
183. Cessatis, one of a goodly numb^ of intransitive verbs of the 
first conjugation which have a passive participle. Cf. erratas, 
above, 139, damata, 35. So Horace, regnata Phalanto rura 
(Odes, II. 6, 12) ; triumphatae gentes (Virgil). 

JI.— IV. 

ARIADNE. 

This and the two following extracts, thouglf taken from different 
works, form a definite sequence. Ariadne, daughter of Minos, king of 
Crete, has helped Theseus to conquer the Minotaur, by giving him a 
clew to the maze in which the monster was hid, and, being in love with 
him, has fled in his company. They put in for the night to the island of 
Dia, and Theseus on the next morning treacherously sails away, leaving 
the poor girl alone. The first extract is part of an epistle which she is 
supposed to write on the day when she discovers his perfidy. 

The name Dia, which belonged properly to a small island off the 
north coast of Crete, was also a poeticad name for Naxos, one of the 
largest of the Cyclades. It may have been this fact which led to the 
further legend which is recounted in the next extract, how Ariadne, 
lorn of Theseus, becomes the bride of Bacchus ; for Naxos was the 
home of the Bacchic worship. As the completion of the legend she is 
raised to share in Bacchus' divine honours, and as the Cretan Crown 
becomes one of the «igns of the heavens. 

II. 

ARIADNE'S LAMENT. 

I. nio, sc. Diae, 

4. Per facinuB, criminally. , 

5. Describing apparently the early dawn, or the hour that precedes 

it, when the night is at its coldest, and the birds, half-awake, 
begin to stir in their nests. Pruina hints that it is autumn. 

7. A beautifully descriptive line — But half-awake, with all the 

languor of sleep Still on me. 
A sonino = after, as the result of. 

8. Bemisupina, on my side, lit., half on my back, describes the 

motion of a person thus groping about on waking. Cf. 
Chaucer : 

Ryght in the dawenynge awaketh shee. 

And gropeth in the bed, and fonde ryghte noghte. 

[Taylor's Oy\r>^See Page 16.] 
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55-87] AENEIDOS, LIB. XL 

55 haec mea magna fides) at non| Euandre, pudendis 
volneribus pulsum aspicies, nee sospite dirum 
optabis nato fiinus pater, ei mihi, qnantum 
praesidium Ausonia, et quantum tu perdis, lule ! 
Haec ubi deflevit, tolli miserabile corpus 

60 imperat, et toto lectos ex agmine mittit 

mille viros, qui supremum comitentur honorem, 
intersintque patris lacrimis, solacia luctus 
exigua ingentis, misero set debita patrL 
haut segnes alii crates et molle feretrum 

65 arbuteis texunt virgis et vimine quemo, 

extructosque toros obtentu frondis inumbrant 
hie iuvenem agresti sublimem stramine ponunt; 
qualem virgineo demessum poUice florem 
seu mollis violae, seu languentis hyacinthi, 

70 cui neque fulgor adhuc, nee dum sua forma recessit; 
non iam mater alit tellus, viresque ministrat. 
tunc geminas vestes auroque ostroque rigentis 
extulit Aeneas, quas illi laeta laborum 
ipsa suis quondam manibus Sidonia Dido 

75 fecerat, et tenui telas discreverat auro« 

harum unam iuveni supremum maestus honorem 
induit, arsurasque comas obnubit amictu; 
multaque praeterea Laurentis praemia pugnae 
• aggerat, et longo praedam iubet ordine duci. 

80 addit equos et tela, quibus spoliaverat hostem. 
vinxerat et post terga manus, quos mitteret umbris 
inferias, caeso sparsuros sanguine flammam; 
indutosque iubet truncos hostilibus armis 
ipsos ferre duces, inimicaque nomina figi, 

85 ducitur infelix aevo confectus AcoeteS| 

pectora nunc foedans pugnis, nunc unguibus ora; 
stemitur et toto proiectus corpore terrae. 

[Stork's Vergil— 5>iP Page 16.] 
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50-71 J BOOK XL 

Comp. Geor, n. 80, Nee longum tempts ^ . . . exiit . . . ^arbosj C 
But as these are the only two instaaces of the construction adduced it is 
perhaps safer to take ^ = even. 

51 nil lam, etc.] The father is making vows to heaven in his son's 
behalf, but the son is gone where vows are neither made nor paid. 

55 haec mea magna fides] *Is this the end of all my promises?' 
Magna may be taken as 'solemn,' or 'boastful.' 

iradendlB TOlneillms] All lus wounds are on his breast 

56 dlrum optalils fanns = niorH devovebis^ Compare the meaning of 
diraey xii. 845. 

59-99] A description of the funeral rites. Aeneas bids his last farewell* 

59 Haec nbl deflevtt] ' His moan thus made.' De in composition has 

two opposite meanings : (i) cessation from or removal of the fundamental 

ideas, as in deeresfo^ detbceo^ etc. ; (2) (as here) in intensifying, as debdloy 

demtrar^ desaevio. 

61 honorem] Honos is used by V. for (i) a sacrifice, iiL 118; (2) a 
hynm, Geor, iL 393 ; (3) beauty, Aen, x. 24 ; (4) the * leafy honours ' of 
trees, Geor, ii. 404 ; (5) funeral rites, vL 333, and here. See below, /. 76, 

63 solatia] In apposition to the whole sentence ; whether it is nom. or 
ace depends on how we resolve the principal sentence ;, here, though 
solatia applies to the whole sentence, its construction probably depends on 
die last clause, which we may paraphrase, ut preiesentes \jh fiertivai) stui 
solatia ; therefore it is nom. 

64 crates et moUe feretmm] The bier of pliant osier : c£ /. 22. 
66] Cf. Statins, Theb, vL 55, torus et puerile feretrum. 

olitentn flrondis} ' A leafy canopy.' C. understands ' a layer •i leaves. 
67 a^restl BtramineJ 'The rude litter.' 
68] Cf. ix. 435 ; //. viiL 306, 

4k MptiO^ iiftvm icapi) ir^Xi|iu fiapwOw. 

' Even as a flower» 
Poppy or hyacinth, on its broken stem 
Languidly raises its encumbered head.'— Milman. 

69 langnentls liyadnthl] The rhythm is Greek. The ' drooping hya- 
cinth' is probably the Lilium Martag(Mi or Turk's-cap lily, 'the sanguine 
^owcr inscribed with woe.' 

70] 'That hath not yet lost its gloss nor all its native loveliness.' I^e- 
eessit must apply to both clauses. ' If we suppose the two parts of the 
line to contain a contrast, the following line will lose much of its force, ' 
C. Compare the well-known lines from the Giaour, * He who hath bent 
him o'er the dead,' etc. 

71] Contrast the force of ne^ue adhucj nee dum, and fum iam ; ' the 
brightness not all gone,' ' the Unes where beauty lingers,' and ' the support 
and nurture of mother earth cut off once aDd for all.' 

[Storr^s Vergil— ^Si-^ Page 16.I 



34-42] The Meal in StmTtis House. 89 

3d. lya ^yn] In modem Gfeek, which propexly speaking 
has no infinidve, the sense of the in&iitive is expressed by va 
(rva) with subjunctive (as in this passage), e.g: eriOtffMM vd, 
yfpoLfffji, *I wish him to write;' see Corfe's Modem Greek 
Grammar, p. 78. This extension of the force of Tva to oblique 
petition, and even to consecutive clauses^ may be partly due to 
the influence of the Latin ut; dL ch. xvi 27, kptan^ mrv^ 'ortp, 
Tva vifi^rrj^ : see note on ch. iv. 3. 

The following incident is recorded by St Lnke alone. 
Simon the Pharisee is not to be identified with Simon the 
leper, Matt xxvL, Mark xiv. 3. 

avcjcAt^] The Jews had adopted the Romas, or rather Gredc, 
^hion of reclining at meals — a sign of advancing luxury and of 
Hellenism, in which however even the Pharisee acquiesces. 

37. yvvi^ There is no proof that this woman was Mary 
Magdalene. But mediaeval art has identified the two, and 
great pictures have almost disarmed argument in this as in 
other incidents of the gospel narrative. 

38. dXapaoTpov] The neuter sing, is Hellenistic The 
classical form is aXd^acrrpcs with a heteroclite plural aXo- 
Pacrrpa, hence probably the late ising. d\d(3airrpo¥. The 
grammarian stage of a language loves uniformity, Herod. 
iiL 20; Theocr. xv. 114 : 

oToa-a wapa rovs iroBas avrov] This would be possible firom 
the arrangement of the triclinium. 

39. kyivuHTKtv dv\ * Would (all the while) have been recog- 
nising.' 

. 4P. XP^^4^^^^'^^'''\ A late word; the form varies between 

)(p€Ui<f>€lk€7(U and Xp€0<j>€l\€Tai, 

41. Srivdpia] The denarius was a silver coin originaliy 
containing ten ases (deni), afterwards, when the weight of 
the as was reduced, sixteen ases. Its equivalent modem 
value is reckoned at 7|d. But such calculations are mis- 
leading; it is more to the point to regard the denarius as 
an average day's pay for a labourer. 

42. fi^ cxorrwv] Because Ae saw that thev had not 

k\apUra.To\ Cf. «^. 21. 
[Car&'s Notvs on the Greek TssTAMENT-^-i^^ Page 23.] 
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